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 riffAmAi9)07), L 1, tt tc) 
ANTS: 1-aminonaphthalene-3,6,8-trisulfonic acid 
CGN: cis Golgi network 
CHO: chinese hamster ovary 
Con A: concanavaline A 
DAB: diaminobendizine 
DOPC: dioleoylphosphatidylcholine 
 DTT: dithiothreitol 
EDTA: ethylenediamine  tetra acetic acid 
EGTA: ethylenglycol bis(2-aminoethyl ether)tetraacetic acid 
ELISA: enzyme-linked immunosorbent assay 
 FTTC: fluoresceinisothiocyanate 
GTPyS: guanosine  5'-a(thio)triphosphate 
GUV: giant unilamellar vesicles 
Hepes: N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid 
HRP: horseradish peroxidase 
IgG: immunoglobulin G 
kDa: kilodalton 
LUV: large unilamellar vesicles 
NBD:  7-nitrobenzy1-2-oxa-1,3-diazol-4-y1 
NEM: N-ethylmaleimide 
NRK:  normal rat kidney 
NSF: NEM sensitive fusion protein 
PBS: phosphate-buffered saline 
PC:  phosphatidylcholine 
PE: phosphatidylcholine 
Pipes:  1,4-piperaziediethanesulfonic ac d
PNS: postnuclear supernatant 
PS: phosphatidylserine 
R18:  octadecylrhodamine B 
Rh: rhodamine 
rpm: round per minute 
                          4
ST: sucrose + 10 mM Tris-HC1, pH 7.4 
SUV: small unilamellar vesicles 
TGN: trans Golgi network 
Tris: tris(hydroxymetyl)aminomethane 
VSV: vesicular stomatitis virus 
WGA: wheat germ agglutinin 
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Stegmann et  al., 1989a; White,  1990]0 
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 5J`i'LZ [Copeland et  al., 1986,  1988]0  C.:  0))Jivic5AijAirliFIE-•,-M-tto)RN,  vAT  7a 
 [Klenk et  al.,  1975]0 
 -f  ,s/ 7 )1...i. t, )1, a)e5k.-r zaram- 0),f},4±, )1/A n ;tz — 
 r-NMA  )t,  ,  ;V  —  A  (D)Rit  111  diA: Fr.bi-r 
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 11.  t.:  4 )1, A 6 ,4`-i'At -) [White et al.,  1982b]0  /RE  ,  37°C 
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 E  1*.bqA  L E-140):17-.116DgrziLff.) [Godley  et al., 
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 A1-1  ?t)  r,  )1/  orkt  a  Mit 
    ^ IV)tc/4-- 3  )1/  ).  )1/  A  0DF  C  wNvoDED 
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 1-14+0)17‘:/RY4PH-30-"C'S)Z0  L  a,  PH-3042gt 
 )141-1,'Wh'E  )1/-  L  t, 4:  is  0  tc[Prinmakoff  et
al.,  1987],  PH-306  ,  a  (601cDa)  [3 (301d)a) 0  T. 0  a)  i•  0 
 offgfgt' a tz- 4 landili-TT10)417),  T,  4  )1, 
 ri  ITIRtt  OS)  M2,YWR0 g  NEV*V:- 
 41-Z  3'  ,:/Ri  W-Cs&) 2/5.-Y9--/  giqi`i_b,  I  Ltt)t,-.D  tz[Blobel 
 et  al.,  1992],  0 ,  PH-304::  MR  tt„/i-  011. filS5j‘ 
 ft..4±,  -1\  7 11/'1-0)P15 L <)1/Aavt 
                L:.0)56R4v:J:  r,  )1/A  ') 
man a-ra, 0 op fM 41j, 19 Onn tvc z I.Tr itt tq4 
<  ts  o  tz  0 
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 L  h41:1  11-C [McCaffrey et al., 1987; Trueheart et al.,  1987].  FUS 
 frtt  fusl  4i  NOT-  01-MIISfil  4:  Hi  fus24:  0  ""C  4iffiTf-ha  A, --c;  is 
 3,  /lvt), -#.4--vw-t-i4v^-L-c-zt,a4c1=9J-CS)Z 0 
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 -D-coz  L-T.111! offiflimimatAt , 
 z  :/ /"..f4\ilighTJA  o  0D.J.natT  ryj 
 0)  1-  )1/  tXtt.  z  o  TRW:,  owyghT  11-j  0)  A-  )1,  z 
Agio N,Ao 6, (DilirTi-Vi Al "Criarit ats--rt Loa)--e, 
 Lqt-ets  <  ,  flEA1--  z  zo 
 fit" NUM t)1/ t' no :/7“46.13Aot-ct,r_At,  /1\pA-1tsoto?t) 
,(34.-f-rzhT, -.113:00-callotts 
1-2.A  )1/  Vf*r„,1440-g3A.  
4  /14m4c r.  a  .)  t,;  )1,  fi  s7  1-  —  (CGN)  •  i-)1/  'ANN 
 ",  .•)1/.z.;  "  1-  7  —  (TGN)(D3o  is  4  -,:3;tet  CGN 
 /iN)ia'f*t'  MAAJJ•lial:1,tgRzifYfih---eS7)Z  bT,  n  FA  4  r_Eq11-e z 
 is  <  ,  <  orMNP,LNIlkoNt,  o  BIA  15  cc  --c-**  z  5J'8,  ) 
 Wo)ftAtTL  off id  Z  T  IL  t  z  L;  [Saraste &Kuismanen,  1984],  15°C  r1=1 
 [111-4Xti-Z  Lt)  ,  I  ,l/J•1A  4`  4f  tvc  tc.j.nivxml  -./,;,4hT 
444,4.-N  z  t.:  --c;  z  )1. — (salvage 
compartment)  1  4f  t  Z [Warren, 1987;  Pelham,  1989]0  e  art'  a  is 
 z=iViafR-J-0):hT,  kZ4  Gt  --lams  P„AtcGNtTgbil.z 
 0[Huttner & Tooze, 1989; Hsu et  al., 1991; Pelham,  199110 
 TGN4I  ,  )1/  :;4*  -C;  0)4crIG  —  Atxti, 
 [Griffiths &Simons,  1986]. CGN 
 TGN  '64frOtE  sg  L- D'11/:;40DiVe k1.111/si rML 
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 71/  7  )1/  .z.;7/A-1-Z  161:ft  CON-C`'  )1/;)04:KL  4iAtc 
 TGNODMA-C'&)  Z [Pelham, 1991; Lippincott-Schwartz e  al.,  1991]0 
   )1/"f;),VAK V> 49 z )1/ vf*o) 0 .ITYL4Ii"fatyls"-cln-4-e fAT ts 
 hT1    o  3f  L  "C-  fg  ,  flgoDffih,;,  z/A  •  I1rfl  •  1-  0) 
 E-6r)  —  7/  1-  4s:5M  t.:.  L  '')1/-:;'(c0)41.1ttA 
        &WC' C.: h41.1 0 tt--c , )z (Dgcl, 
  fr) <[Hellman& Simons,  199210 
   fl/v,i*rm/NrEalit3A4  MBA  04\  xe-AlituAii)m,  0)  is ""C  ruj 
       [Rothman & Orci, 1992; Pryer et al.,  1992].  'OM  L  ,  Balch 
 Rothman0)  )1/  —  z,  4  i  Is  ^   ""e  0)  1v  fvm.p,w,j3A44  a  C,  -e 
•[Balchetal., 1984]0TA;, it 4—\A—0Atillirg(CH0)0)15B 
•:4Di/far-VW)1/:;'1*(PJW.Ogia4±,  i'117 
 rifiatkr-,{1-At  N-  7  -3-  )1/  Y)1/  :/  V  7  — 
 VP,  :/  lzN-  )t,  7  )1/  4)-  :/  1-4111  Z  ts 
 :'1  L,  VSV  tsoffttICHOIMireJA'  ;  NJNA  L  ')1,  V4(  7  —) 
                 37-rzL, VSVOG37 :/7h1-')--7-) 77 
41i-  Lz,  N-7  )1/  y)1/  :/  tql)Jn  ttz  61)  7 sY 
 L  maul  D")i/  vi*rmimatri  ,  ATP  L 
 "CS)ZL  $611/1\E(04MVX -a-PZ  7/R'  7  Y4  a,  .1-7/  F-15-4  ---z/Aff?: 
 RR,  tz "Cs  Is  9  :/  P,  is  o t,:[Rothman 
 &  Orci,  1992]. 
 )1/  VI*  )1/  -q  1' r(NEMYCZg. L-c:/W4c01-Z  L, 
7,C.0)/J\frgotactFti--- IV'S  !INP,  rgQ4  Fil-  -e 
 NEM  z  z  NIT  11,11L  L7D,  1-53`±1-761cDa0)IN 
       7`;  7a  >1  7  h')  t'  , NSF(NEM sensitive fusion protein; NEM 
 Skttaig1/E•,-M-ft :/) ' N.)  ;  ts:[Block  et  al.,  1988]0 NSF0)-41Piii, 
 0)/i\fil*' r,:rA  z  Sec18'  11]  Hilt 
[Wilson et al.,  1989]0  ,  NSF7 D')1/  VIM  t  1::&51,-,:gsWts  o  0)  37 R 
• woni  II,  a  -  g-.  7  -SNAP  ;  7  t2  a  -SNAP  4± Secl8p 
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 LtE1Mg111-Z bTit1R-*-Ws]-:-1101)J 1.-c 0 tzsecrpoDitilt 1-E-z; 
 7 o  1::  [Clary & Rothman, 1990; Clary et al.,  1990]0 t  is  ,  i')1/  VIVIM/Nntka 
    Z5±±411444bT, mat, -c#A_L -C z bT7T:figt 
 Rothman  r9  a,  filablzw--,ovts  vi-Tcperp,  surgR.  :/  az 
 0-)  ea)wer_le  <  azaat  NV  L-c,  NsFbT,  L 
       1- 9 7/ Rffli.1\fnt --c bT7'-'ci.--J-z -c; a) rim 
 1-tz  ((71-4)0  0  I  NsFh,  OM 
 zau0)37  R14--es)z  L  L )1/A o)jj-k-A." Ats  h. 
NsFt.f tt-clrAftl`--A-54-e'cT trz to  <  ,  SNAP  ts 
 LA(it-±71t  , 20S V.-T- t.:)tikt Q  $1J413  t  AC/E.; 
 -N(f
usion machine;  FE  1-5)  -)  I,11111 L  I::  [Wilson et al.,  1992]0  NSF  a  ,  D')1/ 
FIEVINAattaor) , )1. freViaitil F,) — rA4--j-z 
bT1=9j  is [Beckers et al., 1989;  Diaz  et al., 1989  ],
         L-ctigri43/31:MAtz-j-L-  Lt,L, 
 I  Zoe  61\TSF73Tai-  L  taVanfliiati  ts 
 )1/v,wriulii\hioicx  V: , PA n" )1/ :;1*PFil AR-4AarmAt  n  (DIR:g 
 xma  ft2.  v:ct, ATP,  MEW  t  )1/  f/  -I  Air&  0.1 
 p  M)b'L_E•V  irt-c--  Z [Beckers et al., 1987, 1989, 1990; Beckers &  Balch 
 1989]. 
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       ii0. iii 
  r 
                                                              ....     .••..„     •...•. 
     •••• 
     •_• ..... •• 
                                            ••••••••• 
  ,   
          _AlF4. 
           ATP • . GTPyS 
 i Cytosol  •  • .4 
 -  iV 
                                                          • ^ 
 C ) 
                                            NSF 
                                     NEM                                                  AFaTcptorB                ,/%
 •  y  V 
            MILD 
 01-4 )1/ '12 PIii/ .1 \ 11'., -it: 11 . i3A 6D - Wti  -f L  1:_1-3.-MM 
  61:i-`,-41, B or)V0D0M,^--CILT-, L Z. NSF, AT131-j.Y1-0DE-f--FactorB L i-EkEL--c-v,zb, 
aift_-c't, 20st1+L IrT A, T" 0 z (IA 1-5VN)0 /.1,M),,g)1NJ 19 or) t -s_TyLl , vATik`  
 i  W  A-To Orci et  a1.,(1989)'  t7  Fj  IT!]. 
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                NSF 
        4116%NSF,Ing,NSF 
   Binds  co Released 
           SNAP 
                ,  7  SNAP 
           SNAPs 
            Bind
  (  ::114L--111111111111111:: MgADP  Pi 
  ON- Bilayer
      4C.  Fusion  MgATP 
 LL 111101111111111L  Other 
 Factors  ? 
QC Rothman 6DIVE1 Lt.: Frtf`i-Iktai  gAMA  o 
 NSF-I'D  SNAP  ts  Eflk-r-  r  )1/  j'f*M_E.  ',V.V44::ATI3t4n 
(,-,:14;- -PZ A 0D. ./0 —)0, 0)03k 
 AL-CS,Z.  6DRIL  aTEA  "c'S)Z  ErNi  VAlL  1-  0  Wilson  et 
al. (1992)  1#1(--11SEC). 
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1-2.B  -I-  :/  — 
 :/  —  H± o)-141- - 41-  :/  ice44-14A  L  t.:V11a*Mc*,  tt-C 
[Gruenberg & Howell, 1989; Pryer et al.,  1992].  :/ —  31-* 
ttt Lt. :/ — iti`pg)4J11-t AIR I:: 01) "C; 
 Fs/ - Braell (1987)  0))j.&""C'S)  )  a, 
 II%  VARA  “R  t.:PNWCYg  *  E  - 
 ept-A  .rf`o/'  M' L ts:PNS 
 f/  y  L  LZ, IgG  LPNS410)-T-:/ 
— A hqiCi-;`,-  ,  7  :/fSMILT,  —  Al 
 1/PZ  0D-e,  V-AftL  ts:IgGo)7:ct'"C;,  A  L  —  tA  t.-n,t  ql 
 0  ts  opt:  iftIVZ  L  "ORA  RAIZ 
        is< orAZTITNil 
 <0)7  AunN-37.-/RLATphT, 
-hqi-VEljt 'fg14-"e  55-`  tis  S)Z  a  C [Gruenberg 
& Howell, 1989]. (1) C t' 11153 :/   0  Z rab5 
[Gorvel et  al.,  1990]  ADP')  t  f/  )1/IL  7[Lenhard et  al,  1992],-1.4tIGTPWEi`  :/ 
      [Colombo et  al.,  1992],  cdc2 [Tuomikoski et  al.,  1989],  -41-  -r  7  1) :/ 
B[Thomas et al.,  1992], mi_v--aLlfg:4\P-aw&-,  [Bomsel et al,  1990]  :/ 
 —ArAM4-4-ZLLbMiltl--"COZ.Lt'LC:4";0)1A-T-Mer -A4M 
 -PZ _'__)  ;,--c;  ts M- *It Y4 “61* rs: Az fIJ,4, ,  4 
   •4-,'"-C; 0) 7/  r —  it  i`pg)  ht  t:  [Salzman  &  Maxfield, 1988, 1989; 
Kusumi et al.,  1991]0 
 Aiainall6D/INTEA'643X    :/ t:VO  Ci  0)  a  ,  T'GNh  jim4 
[Woodman & Edwardson, 1986; Miller & Moore,  1991],  ),  ;  RP,  [Vida et al., 
 1990],  :/  —  2.  TGN  1141  [Goda  &  Pfeffer,  1991]  7,:c  z  o  7  7  4  , 
 :;411411/.Nrak  -  Alh/7`.  4-)  tt,  0)-e,  AK  14 
 ;34-c.%a7:-.  Litt  Adet-‹--coNfga-A---c.ATpL  gura  9  :/ 
         tut v,Zh, &Vila MIT;ffilt < ki) tS 0 
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 L  t.:VJ  t.:„  <  3, 
6  NSF, $111AV:13A4tZ tvc Zb, Vriir-N4AA-csoiA-ttbICIE 4-1-t-: 3, 7/  SNAPA  Y1.4: a, Eva 01! W4 6 ,114- 6 II t.: Sec23p[Hicke & Schekman, 1989] 
 Sarlp[Oka  et  al., 1991 & d'Enfert et al.,  1991](  0-ji-t-  4\nai*-  7)1/  )  P  v.:  rA L
     ttAi 7 sy ao,-)4kiilt (zk...Nrt z L-44 '_;11--Z. 
1-2.0  -1-  -1)-  — 
       4t I' ---:/Ar -a=ifilV6z. ris o ti, 
5-Yit  tc  WIMA  z  t  U  obi,  5,:it/j.roTwAhk-A-Tv:441  L 
 ,VMER, pk] to) t ts e)(,:ZA4t.,--civgt  r_13( 
   z -c; z -a-Ai/A.4(14)(z eonim-etwitzbT, fkZ citii±o5t4 
Wt4:13 (1z4I-NA(/),AITI,  OUR  0)ANTRI5J/L.0)Mf&, pk-j-jtme-..3Nu[iiig-cs 
05Yitatt, ltligfRitt 0/AWL tLz Lj4 
 b4.. z of!. 7)T- (DV--1)-4  F—  L 
 VC) 
 -I-  4-  v-if-  —  OD  r-  a  7 7Ps.&  VI  "7  30]  tc-f-gte.hT6  [Neher 
& Marty,  1982].  ,  aft is XYCIR 6DAffitti  a)  inn,  -risk)  t,  11,q0D 
 z  V4TNT  V:  a  o),/j\haor)  ifprz-z;  Z 
 tta,  UMW)  9  7)1/  -f  "CM.' c./-tsvil -cs  z  0  <
            0-7 3_ -7 )0AEMMIWIY-111011A--efW-e z 
<s' 6  0  fft(I.41-1-5p m)ts 5Y&^NN_Ji, zt) t [Curran et al.,  1984], A-C4`-,  El  190) 
 O)  e,  _4-  -)  -it  —  op  VM:  A,  r_  it  49  tt,  -c 
[Breckenridge & Almers,  1987]0 
 4-  —  I:131,t  rs  Q0)  L-c  , 
            11,5-0j=t-o) oarti;t4L-1 ZLLL, Alffica) MVO .):'Eso)AcT
 I  -c;  rilb99:0011,-Mire  7°A.j\jv,  o)41lig-(AltWoaffi--e4igi70.5 
 #),L-  7),  -C  t::. 
 ht.c  0  t  0)-c,  I  L-C  )1/.:;f*-cl.k  6  tt.t.:  is hTEP-1 
                           22
L < oc, &,;h, 
xwattcaaYa/iNnolc:gailt-L-1-t*A/410.-/wv4tT,Ass(v: 
 tc.  z:O  , .*)14;10-):/ wrgiE/4,* FAME(fusion  pore)] 111.<5 (RI  1-6)0 
 4-4 
 a 
 E11-6 I o L *1- z---/m)-E-,--=)1/0 
 Almers,  (1990)1  1')  AT  COWN  Almers  0)  V, <  0 
 :/R  Na)411-  4a, 5J`itiNJav:M-i-j-z .1:   vls-c-&)zhT.  XMI  t: 
 *-'c'  7  'IV/Fig)  r—  z  Wig  ft  4)  .1)  z  /1\nt9MA  Mitt  z , 
 37  ,:/Y41kiii2P6X10Ar_1*)..  (a,  b).  nujapkit  )1/,./  or)__EA-*  eo):/ 
 )1/`*4"  z  37  :/wrx1,-{)wn  rte  ---f/  :/kfLk_.L--  L, 4LA. 
z (c).rA141-4131410I2IITIttTg5tzLL, jrwigoDIAY4h9V-.14;-1-*14Lt 
 t6  <  ff,hTz(d).  LI  --ea,  q3AntsikTiL   cDttz. 
 0-(e),filTMVAIA-ct,Wc  6  z  (Dt  6  is  zo 
  8,41--4Lfgal-z57-r_--Do-c-a, :/Wt.I.'1,tt,t.cz,  9:/R,wLikiy4 
0)4-1-12, z, JAW 01-M v wtqlfig.), “/Fz ea)r-aht,, z 7y 
 [White,  1992],  5J7-0r1-±747-  J:  "-C-  is  0o  IA'  L.  "C 
 A,-.111;4  TAN  0)4,M110114_  I  myz.  z  A  a,  J'A.-74.1.naftba0D 
 NAN-A  rfi/  t)  Af-A 
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 0  -7'1144  L  1L7.0)  fffiffi-  ts  (7)  tz ez5 
        tz 
1-3.  9  ;V  — 
   4 — a.  1)  :41  ts  e0D  ZitattEN  r_  cr.  19  aa  z  put  /J'  -c  z 
Bangham  MIX* 7  7  i  11/ 0)71(4-"a0)3a-at 
        t t .‘/ •-)1/ — 7:ce i]/&_,-c; z  
.  0) 31iZ  [Bangham et al.,  1965]o  9  ;V —  a)JM--_  CO 0)  MCVC  h, 
          ER: 9 di' 41_ z z €1 61,Ye 
 *)41-Z  0U.  —eta  47— —tcJA  —  -sco)c  .h,t9suv , 
 LUV,  GUN/  4.:3-1\  fLZ  „ al-Atts-Z4a,,; 
     L  C,  SUV4I  MI  100  nm  0)  zt) LUV4i 100 nmt' ;1 ,u m ,GUV II- 
_Ea) C19)4ZA-Zst 
1-3.A  9  ;V  -  A  ''(ft  t.:)il&i  AM& 
      -Fti/E•IODSV (IA  o ot)  tsfATIA1-0)  rilrafiimt  z 
 tc  0.  -Di  19 ea)fmhiti_t.L tszo)h,,  On-  9  ;g  —  ea)  1: 
 -)ts431“x19 ,  
4  1P95  A(*)  19  itt  At  1-‘c  0-c.  FP  11114 
 4:  a    -c  OD  OD  7 7°  12  Z. aZitiSEru 
        tz„ 
                   1:: Y5 fil tql c, 
 -C  6  tINir et al., 1980; Nir et  al.,1983]0  4  110  OH  1)  7g —  •  fl174 
  •r214;-4Zo-1/1.-‘ti-iitzZt-AZ4 ,- L.  h"flaggfio)  Aors ,4;- 
ARIsti0)41.&.--^v --D-ORM,4`-i Mit  Vit-V  R.I'Zi-k&g':‘itittqlsq-Z-c;  5  z
        Mf15-Z  L  "cs  oltitf2.1e    z  t 0)-c;V 7 — 
 Rom -1/-1  z417-1/--  KHOLE  v: < 0 it bt4--A-L ,
 obNJI  --cs  z  LZ, Nft0) — Mi:14;- 
                           24
 0);{ 4±, U (Dlikt9kVC(Da fiffAftWz--4: It'‹-C  ,,;.4A--e 
< Vel5-CV1=14:tsZo 
 ifiig  4: 1_, tz ;V)— ANit14`1-R#1- )a.- "C  4Z 
  —  EAa  4  ,  +  gc [Papahadjopoulos et al.,  1975],  T  k  AA 
[Papahadjopoulos et al.,  1974],  f<fecMik  lig[Kantor & Prestegard,  1975]  A  )1/1 
 #0,g  [Maeda  &  Ohnishi,  1974]  ts  ivr  5 
 4:  J  iNZ  [Struck  et  al.,  1981;  Wilschut  et  al.,  1980;  Ellenz  et  al,  1985]t1,  Tc  0)M* 
 1-6,Crlo) - 7 )1/ /-41.1'Z.W -"C , FP, < ct: ts o t: „ 
 <  *Y6Itri  0)#114 *  )1/  *—   < Mil[Struck et  al.,  1981] 
it-1-Z1A0)-1"-sf4tvs-a-J-41,tx+5-ts0D-e,  i*.f2pAL  (DE  41.-c 
 9  %V  —  iti`i  oDU9'-t,  ')  o  o)71  1  — tt-c 
 tc,4,--C;  7o  t.471-[11WI  L  :/)jra44  iria  Ljtr_f1M#  L(ta  L 
  tcaiLNA- WMIIIM-ID 7 9 — 7 , tv-C
[Bentz & Ellenz, 1988]. OA* Z.o) -eirk16Jr5t 4:r4A_Wig0 0)4i ,  FA: 
 .--U44311]  1-7C)0  LI  1)  —  1,,TA4;- 
                                      L [Siegelet al.,1989],4 ;/ 7  )1/ 
 :/4)-t  1  )1/A  (Dagik  A  omtz  z  1-3 vg). 
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A B C D 
    mrmrtirinmr, 
     icoximgguguaga                                                    ggt./..*4 
             *J90      f'tmilvatTli= 
       ohooaoo 00000 
                                        mfT,?,?7,gyp?; 1F1                                                      &
,v,g,ggg 
                                     Iff119-0 
                                                   gpggl,\O',' 'awly'Nel 
 1-7 It  Ng.  Oa  4:  0)  1)  •/  1)'115C   )1/ 
 A  )1/tEl  , B  an,  )1/,  D.  -/\  t  )1/  I  )t/ 61'/E-`, 
 --t?  )1/--"C  Bentz  &  Ellens,  (1988)7'  .?)  I 0 
                            26
1-3.B  ') —  rt-14`1- 
 tiViR  *'  —  A  a))JAIR  t  < To 41,z o 
 ifIllnaPJ4:1tW4 .20--Z  On,  ).')  Us  L041,it.ipArt4-la  , o) x]'11 
44,4  FYI  vs:  t  zet5 [4•4,  1992].  &A-0)1We  —  *Ai  L 
   )1/A anC-5:11A--J-z < (00.,4c1,1-ulltiLfia) L.3h-CS)Z.  L 
    )1, ;g 0)12,/E. <  ,  I  —  t.41V)ig 
 Mirk.-L  tziA  ts0(A1-2)0  I  tc,  VilTli  ,  tf*JR0) 
 11-"C  is  4r-q-A  EYJ  r- -r/±,  Net  :/11HVDsuv  'WU  L-c  z 
 77-1p11L4bs)z.  guiv, 
Attu-c- tzilkAm- (zXWIR z'A• /Alma) J-)1, 
 —  hTa  ff< L [Kobayashi & Pagano,  1988]0 
                            27
 t.4114  •;g  J —  gifit  4)1.  3Uit  
tl  -7  7 LUV  mtvDa  ,'/)Y4 a 
 1') (CL/PC/Chol) 
 F  9  :/lAN/Nn SUV(PA,PS)  DOPC,  PC,  PE  ti  4,* 
 (as  op) 
   — SUV(PC/PE/PA)  — c 
 (n.ffi/iNire3A)  Chol4i,  A  Fit 
                          MEW 37 
 AN LUV  Ca2+,  1Q) .‘/ 
                (DPPC/Chol,  PI/Chol)  Chol 
 A1-2  9  7g  J  —  /*JUR  op  Nil 
       ,'L‘'&v.:(fi'14`,-,Qgta (a) Bernal et 
al., (1984); (b) Lawaczeck et al., (1987); (c) Martinez-Bazenet, et  al., (1988); (d) Vogel et al., 
(1992).  P.  --e  6±, CL;  )1/:.;  71-  ')  :/  , Chol;  7  1/  A —  )1. 
PA;  *  A 77 VDPPC;R')1/I-4)1/* A  7  7-.;)1/7,  PI;  *  A  7  7 
     1f/— )1. p;  4.J1,10 
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1-4. 7uff ®n   
0.±.0   041 S) ts 
440)*FIA  tco.  <  , 
-J-Z -ToIDrk .'t;aLkeffbiq--ro/-sooNVS)Z.NA .-i-coLL6, 
AillirEJA z w , 4 E ictmgh-17.(-, -cm-ftbi-4 
7,1!: 5 1:: a 4.)-r t,   , 'At tN 
 0  o /.".c.tLa  t  ,  4^7  )1/ IRFA.- 
 (DMZ  0)a). ts  t, i-A-1/1))1N,o)t.:  >t)4  f/  a 
 tt.4:0)L  ag.117M-c  zo  0)19:1A  ,  ry  o 
 a.  )1/  4:7),  t  L.-D(zi , 
     ifir-Zao)rdlkg.tS)  o  -C-10)  ,1)4)—C  1a  , 
             r4  z  <  0”;1-1n,t44,  r9 oCT_  L  1]  o)ait 
 <  rAt  z  ADVNo)M-L-filiq±  z  6,), 
 e---c;spz.  o)h-a-11 .1-±---e  5  0)  ,  •=2  timattt  owth-1-1-  , 
 IT!  eapUz  rir 
 <  tcY5, Wil-atlyt.  0)  ItJtMI5,f  two 14`,-  {1611-±-s&o)    -1.t4  ,
 Pi  MINA  0-ArlAaZt, 
 -c4J[ct,t107-)L,  5  t.: 
       *O.9-t-c faliTelA og 05-=C-0.4 SIN t €1 f[linalv) 
 t  01/1  ri437  Aft  -(17  egAl  t  e5 
JRD')1/f;4:  i, 0).-f)tdjAL L-c_ 
 '(t  )11  =6:4  072k  tc  a*AllfileJA orgk: )D,  —  o) 
                       Vs:017L, 
 1.  7  )1/  Zireastrz 
 2.  eiC4`i  'Rffi  Istli 
   < t`fAil 4:13 "C. r, .=‘0)Jif *Aft L t.: )1/ El= -.4jva4  ;I:, 
 — oh)1Til o 
 0,4n  o)4:  —  <  5t`,  *yL 
 -D  JiM  i.Ra-eIRAFF.`  MIJZ  t::„  D'  )1/  ;,1* 
                          29
       "C.
, 'A “-n4L t.:I I,4`.- LtzlIA  PlZ..01)  t:
el5l,:a-T-BRAtkr*ML -:;414WIYi  — )1/111,41,::  trk-  it  a  “JD  L. 
 )1/  vi*am-0)&0--1g  0)61-  wzapt  o)  a  V:  1-  L. 
          11--)1/VIV)IIR W4A-itlik_fR4n(,:tqL 
 Lat114  tt-Z ,4;-rill:- ts 
 L <  a)flifelFYIROQ  -e:OV  11- ATND MEW -,4; ;Es 
               c2t,r_  Lt:. 
 Rfkr-,  AKWC-C1C11  Lt.  orZA  L  < 
 jaa I Lae1-1)--1771(1f1414`06).''(* 
          1-,i/E-;Eik..I::a,IMW171(flis41,4;- 
Fiesit  L  t:: 
 )1.  ,1-4c  • L'7. r--A0±74,-  L-C  a, ri--,4,0) g) mil Lt.:.  •-rtstA,  [37  ;/ 
 1  9  WoD5Yit'gcM  v,  z,  /JAM*  J0,  CGN-rTGN  a tr  a)  lik-4114_1
 —  .  SUV  LUVor)  e-cD  a,  suv  I  t.: 
 LuV  F912LtCo 
                           30
2.'IP..wia 
       31
 L  -c  is  ati 
 titz4itt  TA,  4±$1-C;S)Z.  --c    Tr:  L
 4t  -NT 
2-1  4VIJ  L  i'4A  Nia 
PBS: 137mM  9  , 2.7 mM  ATEt')  r,  , 1.5mM  9  :/  —t  r, 
 8mM  9  ;/  °71J71-  f 9  , pH 7.4 
Hepes  laltirk  •  145  mM  IL  t  ,  5  mM  Hepes-71( 'f  t  9  T, pH 7.4 
 f/  3  V-Hepes  -,trfila 0.25 M  ':/  g  flk, 5 mM  Hepes-!  ,''(E  9  Y pH 7.4 
ST:  %I L  tzi1Pl4 L  tz)c)=/  g  VAAL,:  iommo)Tris 
 L  t.: 
 STE:  ST  4:5  mM  EDTA  t)  0) 
 STM:  ST47-10  mM  -)J11k.  t :
 IAWM  1\,-ffkilf  R.:  3  M  JT  t  ,  50  mM  *  Mt  1-  9  T,  IN, pH 9.0 
2-2  9  %V.  —  Ttl.M 
 VIN  '7  4  )1/  ofigA  '  7  ^   ^   *  )1/  l(7-ighq  L  ts:JiM13  ZSg:VVViN  , 
/NBD-PE/R18 = 97/1.5/1.5  ts  L,    tssA 
 =Aiwa orrIv: 7 )1/ INwzrz ,-):-q-t.-:.  r3*)1/ 
  AR%—nij.1-jsE o  **-1R-cfal  t:jiM  a  0 
 if)  0  DOPC(Sigman),  PS(.+M  ELM;  Sigma  ±),  PE(gp  Eli  *.; Avanti Polar 
 Lipids  ±),  gP  *PC (Singleton  et  al.,  (1965)6)7  ""-C'  L  tczt)  0)), NBD-PE(Avanti 
Polar  Lipids  ±), R18(Molecular  P obes  ±),  I/  A  t  )1/(Avanti  Polar  Lipids n). 
 SUVO)figa  ±.3E0  -)  L  tzliM 7  -'  )1/  mm  is 
 4:  Hepes  o  All  3  mm  0)  t‘  A  5,  61RIbn_  , 
4-01/5--A"C'' 25J‘rolil<L  (/)ffiR  7  4  )1/L. 
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 (C=  OWN-C.  /i%  -  h""Cr'  ). BriT4ig-A‘,  7)14k4:# 
 L.  T,  A  WO)&03±(V-1-7  mm)  kitli)-  t.:EliVARt .Xtd(l4-hla 
 TA-52)-e5iJAZ4  L.  suv  M:34-VA  ZTV  t:  a ,  BM 
 li<sst,:k54:VA)/Akts-!. 
 Luv  'X  1/-1  )  ofF  a[Szoka & Papahadjopoulos, 1978]  : SUV  1J  LEA  Oa. 
T47 --j-)1/(3 filL) * )1/ IN(1mL) -1]1=a  EV'M 
 L*A4!177.Zn4z4Lt:.  77A  mop  Lopilepes 
   N(Bransonn  B-12  31g)e 55-Milt-VAZg  LZ.  IL1L  g 
    9 — ;i;° L-3— 37 — glitilgVig L Ta )14X  ,  lEALtz 
 A.AVI  PihL.  Hepesalijla-  500p  L  ift3  -NIM  tz 
 :CV*,  7  7A  aiga  if:  P:  OLUV  7V'  t 
 —  'V  (NucleporenrC  L(0.2,um  2g,  0.1  p  m  1  H),  ;Ztco 
 LUV071(  Ill  fit  A  afil  )0)  frA :  Hepesittii  tc:  ig-AT L  HRP  (5 mg/mL;  I  416  M 
Type I-C)  FITC-  A  1-  :/  (1.0 m1^4, Tf''.-35J`7--1.17,200;  Sigmali)1  mLCki 
 T4  7  4  )1/  li  (  .a."-e'fi'ML  t:LUV  4  ,  DOPC100%-e  )tzin  L  V  )1,  T  7  tl  A 
 t:_o  iinet4CA  0.2p  m 
 0.1  it  m  fit °')  t  ra-c;63a.t.,  R]  4:,  LUV  t7-  Ltto 
 0DLUV4:,    0)25%  7 4  —  )144-A(HepesiCka  tzMIA)  'i3r1k..  < 
 31.10)Mra4z#  L  10%7  -f  )1/iga(Hepestt(1lar-ig-7iA), Hepesalka 
 4 1  tnLfO  LOL,  ik,1/,(3,000  rpm  , 15  53',  1E1  AO5PR-22  A  4  .s/ 
 —)Ltz  [Shen  et  al.,  1982]0  dbfk  Hepesglka  10%7  -f  ve:64  wffi  t:: 
 I  t.:Luv  DUI,  la  TO  tz  :/;t  4-!  a),  LUV4:1R  I  HRP 
Jk"'  FrIC-dextran  5AffU  tz  0  04*f 1  Q  19  A L  ilk  TiM4:  1-  t.:  0 
 T  4  7*Na z,v+mattosr,--c. a,  SUV  13  tfLuvo 
 f.-4-3  1'fa  '‘I'Lffig  30  nm  ffi7200  nnt-  t.:0  1)  7g  —  2-\  Migta, 
 -1.(2-14*N)eaZ  Lis:')  7/0WiAlt  -"c;  L 
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2-3  '')1/°)J 
 )1/4)  Mk  ,  Balch  1  0  "C  &A .  ft-  tzTabas  Kornfeld  Q) 
V& t -f o  "C  NJ L  tz  [Balch et al., 1984; Tabas & Kornfeld;  1979]. 
 4'-(1E1*-1E1  'MI,  2.5  kg)ODJ]f  t-  L.  A  Mi.  ac  •  El   IR  19  rf,  ,  )1( 
 L  tz  0.5  M  ST-C!`:50)11111.i6A-  )(  A  --CAN  <  Maii„  )If  trio)543N1- 
 0)0.5  M  STE  tl[l  , ')  :/  *••i  t  —  (Brinkman  Instruments4±)  * i-3- 
 L  t.:(PTA20S  —  7",  30  #rm,  2E,  1J  5).  *-E•  —  1-  di; 
 (2.500  rpm, 10 3-J", Sorval SS-34  ^  —  —)  L,  L,  2    -VT; 
 =)  L  -c  L. tc frA5a- PNS (post-nuclear  superanatant  . 
• CA'  4,  8  mL  0)  1.25  M  ST  X  tut  13  tr:  Beckman  SW270  —  —flladVa 
PNS 30 mL 1 L Z 4,,b(25,000  rpm, 90 5-J"-, Beckman SW27  ^  —  —) L 
 1.25mST100)-  ±.0)N-tfcilzti  vIN,(7))111115U-  t.:  0D5HAI  F1 
 o  Fl '/ 3MidAft Ll'Ifil p -c  41-1-.0)  2.0  M  "C.  ,  idA 
 abg.21^4c.7:c  L  Q)F1(10  mL)SW271:1— --itatc.,4, 0) 
 _h.  V,: 1.1 M(10 mL), 1.0 M (10 mL), 0.5 M( 8 mL)  oD  ST  .3.1-,L,(25,000  rpm, 
 1505, Beckman  SW27  ^ —  —) 0.5 M 1.0  M  STODWffiV:t 
 f;i  0  (if  tc  -C;  L  Mt*:  Mit  tz  4  V:  ,  1.0  M 
 1.1  MSTO)Wffi  V:ti  o  f.: IN  0-)JiR5hAi  , F2 
 (>)I.IMWffi), F3  ,  Af*V.A.  TAi  L  WA(-80  t)',fg: 
    —ftfiTiVA-t:JR5-HAI6D4Viial=1-btst,t.:.JIA5J`TAT6D37:/Wilr,ta, 
Lowry a)a(2-14V1',r1)--(111.1-±7 L. 2.0 mg/mL -,4; t::. 
 7  1-  (Whister  ,  )N P.] r-')1/ :)4.*Ja i1.  1:: 
2-4  J(:A  tffii.INAMM  • itffi/J\V*IFAN6J7i 
 lffii.INAM*.  it  la  4NTE3,4  )f  Wilk  *(  El*nt,f1)0D)Jfa/f  --cFleischer 
 &  Kervia, (1978)  ODVik-clhiN  L  fc.  Et. 
 —  4i,  )1/.:),WIR(2-3)  Half:PM  L,  L,  1) 
                           34
 1,10:/*-V-i-4-1Y-0))6kt)19  v71-:-V-)---(4Y—“tglt ..t:_. 
 WM  AA  o)  *  —  ,  STMT,  3  #I4  1.6M4Z14;-  t.  oC: 0)M 
 430mL 8mL  0)0.25M0)  ST  t.  L  Id1,,(23,000 rpm  ,  70  5-J`, Beckman SW28)  L
too  0.25M/1.6M0)N-iai  4.:t- I  0  tcjjk"  L 0.25M  STET'AVR  L.  it4-1.-tzo 
 oDfixt4  or)  7:/ 3 4-Nil-Att. 1.45M , 0.25M ST  .1)g L.1.4.,1;(28,000 rpm , 60 
 5a', Beckman Type 30)  L 0.25M/1.45M  ST  (i)N. 0)11%., 0.25M STE --e.1(1 tR L, 
 L  44*11-  f/ c/;- , 0.25M ST    L  db(49,000 
 rpm, 30  3-J`, Beckman Type 50.2  Ti)  L  Z  ,  N-ffi  7),  El  IIR  L,  0.25M  f/  a  *, 
 It L -c, 31M4M5YPi  L 
 #1.f/1\ E'($ I'M/Mai*  AA-a  op  *  adb(3,500  rpm, 10 3-J', Sorval 
SS-34  ^ —  —)  L  _LM  t-CI  UX  L  ,  4:11  db(17,000  rpm. 10 5-J`, 
Beckman Type  30  1:7  —  —)  L  ,  7n  Q11XL 0) Z1idb(20,000  rpm, 
30  5J‘, Beckman Type  30  El —  )  L,  )4:5J-4t  Z  o  _LAU, 
 (40,000  rpm, 60 3--J`-, Beckman Type 45 Ti  ^  — — )  L  it&  a 
 Lt.:. it IRA i 3 15,14i4rocclff L, 1.5 mv 31eilgt 1.3 
M  -7>  VA-6.  L,  adl:,,(25,000  rpm, 60 Beckman  SW28  n  — 1.3 
 M  3  v.7s  tfSt  2  ig 6)7.1c-eZI12  L Z  ,  ii-L'(40,000  rpm, 60  3-`, 
Beckman Type 4513 — —)L. it 11): z— 3Harj f:,, 
 1:1  571111-  L, 243N-W-toDo.25m z./ 3 
 4:  (L- A  '15mMli.:  is  ok  r-h[lk,-1414  , 1.3 
M  3  -15  mM  iIL  iga  _h    ildb(49,000  rpm,  1105J`, Type 
50.2  —  —)  L  t.:. N-riu iftffiiNgi*, &Nit  L 
 AM*ct  :A 0)0.25  M  / 3 Iihig-r4c. adb(40,000  rpm, 60  5J`, Beckman Type 45 
Ti — LZ7 LtCo 
 is  , 'IA ft a)  <'s  f.:  az54  , 2.0  MST  f/  3./  Lt.:0 
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2-5 all-MtlitM11  0)1/V 
 HRP (2.5 mg/mL)  a  h,  t: DOPC LUV (0.3 mM) )1/ -.-;4)K (0.3  mg/mL) Hepes 
am  a  Fp  Z  37°C  • 15 3-J`.4 —  3  L  , 1.2 M(5 mL), 1.0 M(15 mL), 0.5 
M(13 mL)  ST0ci.I7'ftr.r-M  E  a)  a±11--1vs:  di;  (25,000  rpm,  6057-, Beckman 
 SW2713  —  37 —)a);is..,OLUVt'  (  '.)1/:,;41JA4±0.5M/1.0M  STO)Affi 
 LUV  ,   _EN  L.  n')1/;;f$JFC,.:  4-1  )1,  — wila 
 (0.1mt  )1/4-'  )-  1-  -;frikia,  pH  7.44:2%  )Lla7)1/T  r,  2.5%  y  )1. 
 A/7  e  r, 0.5 mg/mL JE*_KC'lLt rt  t  L, 
3-J\-N-IN  L, fit,  t`0  it,b(3,000  rpm,  10533`,  ElA05PR-22A  ;/  — 
 —) -C  Impazogw-c;s)z  3,  31-  7  v  :/  (DAB;  Mt  IL 
         0.25 mg/mL  -g.tr  50 mM Tris-HC1, pH 7.4 )J11L  t.:
HRP  W;i-A r3f14fi t:  Pra*PAPI  0.0025%O)  .'T  ia  1057, 
sINA:cqt_ff,jG L T  L,  di.,,(3,000  rpm,  103-, H  A`r_  05PR-22  4  :/  —  — ) L 
 -CR  Q1AL
,  0.1m  t 1/Mt i-N% 4zi94S L f.: (1%) 
 fk  -D  9057  41.)0  ]ZT  ii,L,(3,000  rpm,  1057,  H 
 05PR-22.  4  V  —  5,  —)  L  JAL,  70%.1-  I  —  )1,  t-)ja_A(1=p-eloAlkiw. 
 L,  4Yikdbl-  Z.  c-1  80%,  90%,  100%-1-  37  I —  )1/  -Cez  i  L, 
 JR* L f-AisHi L 
2-6  Meg)** 
 anti  A,{3--tiT,  37°C  -C**  L  *ith  4  ,  •7  W-(NRK: 
 normal  rat  kidney)  11Ina, Ham  Fl2f-t^A(---a  4  )4:  ,  5%  0)  %Tina, 50U/mL 
 0)  -,/(1=AitirM),  50p  g/mLOA  1-  1/1  1-  7  4 f/(CtiNT:) t.: 
 --CY
rta  I-  is:.  iN  71)  r--7  a,  RPMI1640±-Mt(.7-  s) 7.4  )4:, 10%077 :41111/12,1111i ti, 
 50U/mL0)  1)  V  ,  50p  g  /mL  0)  A  1-  1/  7°  -v  4  ;.'/  )31]  or)--e*,kLtz  0 
 tzt.ft.„  Hi&  BiWk,  23A.  ma.  _hrzof-mt  v:1.6  mMg)  :%;/..  10  mMa)  4i- 
I-V.1-V,  0.4  mM07.-:  i7*-t1) 
                          36
2-7  —  )1/  RI*  'MN 
 6  A  (BALB/c,  )4  A  )4:,  Freund0 54-E.- 7  f;  :/  (Difco/±)  PBS 
ffR Liz .)1/I:M(150p g) --111.11:4114`1- L-CILM  L  tz. 3 
 34. Freunclop /-"c 7  f;  :/  (Difco/±)  i'A  a  L  tc  J'A/v12M(150/1 g) Jik 
 Pk]  lz  Int&  L 1  arm  aita.  L  ,  ELISAM'CRWA 
 igIVZ tyl-Athb1.1000ti_E t,  A4:  4:1  rim,  PBS47-ig1iT1., tc450 
ti go) )1/.';'1V1A :/7:CL-C"WM7-1R-V-Ltco RAct*.' 3 El fk, 
 L,  A (P3X63-Ag8.653)[Kearney et al., 1979]  -1--  1,
 )1/(5J‘T114000;  Merckii)-C  Dna  t,:.  at,  j\  4 
 04:4_hiii  mixL,  RuftYaitzwac-F-  iiEvgrcaNRK,di  in  °DIAN  111S  j'A/  ) 
 tl4Arthr--)-Zi\  7'9  •iltrf  WI  Utz.  (.7:  OfloiN,f 
 L. R.RNit-fRaz :/Y2  11419AL,  fic4 
 *A_E.ii4t,R,617  7/  z;  •  an  u,  PBS4ZAV  ts:.  6,40)1-  7' 
             o 2-8  NI YER-1*& 
 NRK  1111.15mm  co - 48411Pii* I..  t  )Ellot:_. 
 Jmi,  PBS—  2  CI  1,  -20°C  L  -"C  13  )z  9  l  -  )1/  )31a,  4°C 53-± 
 L  -"C  WIZ,  Lt.:,  In  9'1--)1/(10,u g/mL;  Sigma4±).N'  71/ 7  )1/  f;  :/  A(5  p g/mL; 
Epicentre  Technologiesn)Zg  ,A;;-  4  ,  tt.t,  oyAT: 
 ,  37°C  ""C'603  4 —  g  :/  1,  1W1  L  Esti  ,  1%  T,  ifiljf,  )1. 
 7 :/ -PBS 111 ""e605J`,  6053`  :/ —  :/  L  tz*,  0.1%Tween 
 20-PBS-C411115011-  L, T.kfjr,4( 7 7 4 4 —MN L fc, ^ — emit 
 Cappe14±)  60 33-Wt.s..,  t.: 4 ,', sue — 3 :/ t/1 tgal3 -"e'fi 0 
 0  0.1  %Tween  20-PB  S  T'S  L,  90(70,T,Y  ^ —  )1/(Merckl±)-10%  PBS 
   A F A(`7 'Y -)- -:)_FA:A-q-, 634g a) ;Wit 1/ :/ X(t )1/ 7 An 
Plan-APOCROMAT 63) tz *YEMVAVA(t )1/ '7  7  4  A41  LSM10)TV,  L 
             543 nm  '\  1) -  :/  —  RYL1  I1 V:. 575-640
                           37
 nm  F  RA  7  4  )1/  L 
2-9  j')1/Vfit^V  0)55arkitn-
 7°  ^   7  4  :/  A- -t7 '7  ^   A CL4B  X(iffirr-611400p L;  Pharmaciali)  '5mg0) 
 )1/6,4C6A3  a-gROD  -7  A IgG(Zymed4i)La-mt&.- a*:  FP  z  , 
Wia., MN 4 :/ - z-/ 3 :/ — X “iti7Kmfialta-e2ottli-u, 
20mM dimethyl pimelimidate a tifAti14`-, """C  MU,L   305J3'''  :/  *  - 
 7°  'f .'/A 0,-1*  Via a)dimethyl pimelimidate < 
le)  4:  0  .2M  0)  I —  )1/  :/(pH8.0)  ,  :/  g  ":/ L  ICo 
 HRP-LUV tIVF,` )1/ ViM(71-7- WAN 0)41VM)100p g  "I  ^   7-  4 
 7  7  CL4B (7irlY-6114  -  X  r_
 v-rz  i.)1/=.;12Ka sop Lopy-vpm,- 
 ec-cialrmaat  L - X a),1(-3 t.:Hepesa%ia-C 3  Mill-  L  tzhl 
 04.  4  v  v,:sAt  L  z 
 adomiitb-r,  -)1/  vippDHRPi-Mt & 
Mostratos (1983)0•1krgli-±"  is  )1/  iNAL  #-  —  z./  3  ;/ 
 —  X(20  p  L)r -  ,  0.1%  07Triton-X  100  1T  ThL,ZWia(2.2mM  o-  7 
 1/  /  7  :/  0.007%  IA  tr100  mM  9  L':'  VA, pH 
5.0) 1  mUllk  ,  Wa":, L 37°C  -c6coaZfk, 
 WE:  WE  Utz.  X iffcititi.,‘"eit(ep-_hilla)492 nm 'Co13)10,Wc411'Z  L, 
HRPitit a) Vie L L Tritonx-100-c;ncig-t  L  ts  J'A/Vf* 
 OHRP M.It 411Z L 
2-10  We  41Z 
 EfiRiPti4"-A : g.)65-7\-A  Vktit  -7  4  7  ^   ztsY  1k7 50,u  LO)  )1/  VIVA 
 280,u  LOHepes alk set ill14", L, 37°C -"e 35J`.  :/ —  3  u 
 20,u  LODSUV  I ilLUV  k.,  4:4111L  ,  37°C  :/ 
 0 7  .)  -t  4  iga  (7)  '11/  'f* WO  aft it  0.3  mg/mL  :/  WiLt 
                           38
 0)7k f,t410.04  mMo  NBD0530  nrrce  )um(ywflm  4±470  nm)  or)  PEM11 
63-J`AY6rrit( El  :\i'_-85ostl) cliVZ  L iaft$111a -7 -f  7  1:1  ,M17_1  ifat 
*Oa)* “Rfj ZTTo t.: :afta,  9  ;Vl  —  r1 
 o  #-  t.:  ts  z  1.)4:4,-/#-.a.—z./  :/L 
 -c  tc
o  mg  rp  7s.v2z4L  it  ±  ita-F-rLts  z  L 
NBDOtYLMFra  L,  0.2%TritonX-100  ri 
t-IfV)3.kISt M-tti00% L  M-ft   L  ATP(t  ZEh), 
 GTP(t  4tam),  GTPyS(Sigmai), ILt) z.•/  EGTA(FiltALI-VAPh). 
 1)  l  7  4  z./  (Sigma41),  ±  f;  z  1) f/ 2/ (Sigmali)ts 1-4;4: 5 z  z 
z Za-Cs 4i, i&-R- aft 0) loot: ogitk: P L 7  • ige4,  1/100(3.5  p L)  , 
 Ws)  Vma  z  sy 
 • FITC-.-i-" 2/  a  tr  LUV(0.04  mM)  i-)1/  vfm  (0.3 mg/mL) 
 c-.Hepes  alliarP  *437°C —  3 V  L.,  0 OWifitio`aL. 4i V tc  ,  7  )1/ 
 VIVA  .LIJANDS) NA,4"-/-4:  FITC  0)530  nm(aWAR490  nm)0)* 
 t3.MoitilnNifi&-  Ip7  v‘:  L  z, tzo  0)4,  LUV 
 7),  ;Nit  t.:FITC  I::  4  vs:  IA-  7  )1/  1,  ,7  4  -,MA(Molecular  Probes4±) 
fJAzT13  tz.  lit  7  )1/  t  I/  'Y  'ktsv,  60),  aitA4A140DYC3Mt 
 0  %fRA  ,  TritonX-1007  hulk  )63 ft  1.-c  ,  'At  o 
2-11  )1/  VIVA'  
 :/  R  7 Y43}1fittlf:  ff  )1/f;  4J1k mg/m1-)('-:-, :/-141.X T 
 A(111  v  —  i  3  7/  L  tc  0  'EA 
o) 37 :/ T45Affilf: ag-Mti4 r- T43 
*NT: Ffil:-P.1  FA  54  v_lri  Z  T  h  L 
 ICA v W5ATF11)i: ITMAIJ to7), gic waft) ti 
 0)  ,  11  '/  2/(10p g/mL;  Sigma4iType  XIII)  9'4  7°  V  4 
—  (40p  g/mL;  Sigma  ±  ) ;  7°  13  T  -f — K(1  p g/mL; Boehringer  Mannheimi  ) 
                          39
 PMSF(50p  M;  Sigma4±)  ;  :/  (10  u  g/mL;  Sigma4±)  c  EDTA(5  mM)  o  tc  tf  L  , 
 9  f/  :/Z1V0-)5 2  mM 0)  t  )1/  f/  t,  4 
 t  ey  Z1  Aga'  &z_Z1M[Fujiki etal., 1982; Weidman, et al.,  1989] :  )1/ 
 VIPJA  fg-1.0D0.3M  afk  t  J  9  , pH 11.5  I  tc  It,  3M  KCI,  5mM  Hepes  pH 
7.3  Ac  -"c305J`ON  %11,1k0)  ,  iT t  , 
 ILt  e; <  tc  5, 0.5M/1.0 M ST -4g tiEg)±. tz  ,b(40,000  rpm,  6055`, 
 Beckman SW50.1  El  -  3'  —)  L,  1.0  M  ST  _h.  L 
 NEM  ""  :  J  )1/:;41R-  v:1 mM  NEM(Sigma  4±)  hi]  ,  "C 3 05.-:/  4  -3- 
 —  a  2/  1,  tzf  DIT  ft  2  mM4::  is  z  r_hri  --c  ,
 si-aNEM  urr If104- --c fiv-11 
2-12 
 g114:41&,-  7  Ha  Th/  vfPg  suv  105J`  –  7  3  V  L,  0.5  M-1.2 
 M  (Diti`fRAIV,J  STO)±.  itc,,  (40,000  rpm,  3114n,  Beckman  SW50.1  ^  — 
 –)Ltc .  Adbfk,  jA,L,'-'6-'0DA“Aoop  n  JUL 
 3  RY,i13X,  R18,9) )U  Ix,  280nm-"C'ONRYLft, 
Tds) ifICZ L 
  t:, < pja ')t/ Vi4ca LSUV55J',f-3L, 
200,u L 0-)0.5 M ST 150/iLO) 1.0 M STICfPCFN-fri-g NOD r-V 
 -  a :/ fVnstI4(35o p L) A.',C.,(40,000rpm,  6053", Beckman  SW50.1  ^   - 
- ,  35686073'  7037  —ft  )  a,  [co"  7  11, 
 :/ 10 mg/mL 31.4:Ak On4144i TOD 2  'DODO    ODO  V:  a,  D')1/ 
 =)4M  VI  L  t,:iagO)SUV  I  TOAC:4I,  '')1/:;41JR 
 a •LI  6D5h_filis:,  Triton  X-1004Mirl  0.2  %)  , 
NBD-PE R18 anil 11, 4'T)i-\)D, j)1/ fMk- YCWL 
 , NBD  g:)tN  L  Vq  q  -I4  ,  >0)A),  L 
   A -I)  =  IL/(IU+IL) 
                           40
 ma,  -F  (M,O,  o)NBD)163Mil 
2-13 OM. Mit-±7 
      -VA:0)igirZa AT OD )) r-47- t.:„ 
 )1/  A 7 —  -V  Vilyi  Z_[Brew et al.,1979; Saraste t al., 1986]  it 
 1450/1 L  4:  kJ-  )1,  (7  mg/mL), ATP(2  mM),  UDP-ts  7  F —  A(0.1 
 mM),  UDP-3H- —  A  (0.28.p  Ci),  f/  T,  IN  (20  mM), Triton X-100 
 0.5%, Tris-HC1  (50  mM)  hilk(Rgiatioop  L)  ,  37°C  "C305\--f  7/  f/  3  / 
L J;.6114 4i. 1  m1.0)1%  9 3' :/ :/M/o.51^4 .)11_  IN  9 
• EititM-e  L.  -- 
47)1/7- r-C4 L I- —A1A-1.ifoJcZL.    Rittt  0  tz. 
 a  :/  J  f/  3".  -V  0")MtlillIrZ[Tabas  & Kornfeld,  1979]  ,--144420,a  g( 3':/)  WI) 
 mM  0)  ^  7  z  =--  )1/-  a  -D-7  :/  I  z./  V(0.2MFMalka, 
pH 5.4 r_ieg-S) hii_(IVA(RIA:140p L),  37°C  "C'90  3,3`.  —  3  /1.f.:„  az 
 '141E4i, 2 9'00)&fItt  F-  ')  '600/c/  -c-T7 Wt.:4.0400nm T'OrAilLft 
 Mgt  L. 
 5'-  I/  -1-  — -ViAtilir±7[Dewald & Touster, 1973]  1;414200u  g(
 )  , 5'-AMP(5  mM),K(4L  (5  mM)  ,  tEpt  t  9 (100 mM), 
 Tris-'6,;(80  mM,  pH  7.4)  mL),  37°C  "C'605J`,{  —  9  2/ L 
• azwthci  ^  ^   fit  R(1o%)  )Jr:- Adb(10,000  mm,  10  3J`, 
 --MIMR15AINZA  )L-C  ../)  V6:  ant  L  0)1- 
 L,61,AM-'1• RA 0 too 
 )1/  ^  —  A-6-*  A  7  7 - OVIII'-±7[Swanson, 1955] ,1441-100p g( :/ y 
 I)  r-  —  :/Fg  (60  mM),  I/  :/abrACO.(20  mM,  pH  6.5)  -.)311  R-
Arg.0.5mL),  37°C  "C;  :/  —  i  3VLtcoalt1.-1,±  a  I-  
 (10%)  ildb(10,000  rpm, 10  5J`,  F  ATMR15AAVEJ  ^ —  — 
                            41
)L-C-37,'',I4;., anfLt,:1):/1.,'0):4“rkTI-,  ffAiAltAfiotz. 
2-14  ---'  (Di/ 
 3'% R, WaY-±."1. ±.  Lowry  0)"""eti-  to  t`  [Lowry et al.,  1951]0 ')  :/Z-1.  tt 
Bartlett a) :&s Fr  t` [Bartlett,  1959]0 
                            42
 .7,11 3'-'ifA 
   43
3-1 L .z)  /PA  o)  tit  A-it 
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fit  FiTc-r-  A  1-  ilfth-iftIR  n  *WC  L.  )6303E.tql, 
 z  o  c:  )163Mt  o)VL  L,  r 14;- MPIC Luvt Firrc-r 
 A 1-FITC-.-fl A 1-0)idirAtT74A-s-a4: .1: 19 Alf5 
 *y630,_F  hqojc  --c-  I  .))  aft  3LAJdflafi  z  z  tt-
tze)  7  7  4  iga  rri  v-74J-tFiTclifi  ,  Luv,  I a  f;I k )1/ 
 i*Nh'Lor)*)14)-j-•J:-)Utz()tit-4f0111X 4I 
N-ffissAft1111-e,  ifigIL  L  tzikoDFITC-.7-",-  A 1- A3.ka-7,-4--.c.ikv,:r14* -q-
Z4:U(R13-10)0Triton x-moitbliWzg:)UT*1*Y)1 
o)chffiti2.--c; tz. 
 A  a  0)  A&  .  , ANTS [Ellens et al.,  1985]'x'  t  11/ 
[Wilschut et  al.,  5JJ  t1—#R64-iT'S)  hT,  i  )1/  VIVA  tz  
 t  3LA  -ftz  )1/hq3-4-j  z 141- L tzfkr_g.3-J`Thin821-1- 
 ittitttS)  z  0)  I'  ts:Pki*ffli&- 
 (I !3-1O)1  a-AV-ZVI* z o Rizt-VIT-e   FZ t 4  — 
3 V PIAM L4tr- Ofrigt tjti*,4AT -"C 4i,  1ocrof1 
       I:: 0 to-..:y63.krta.),t:tvaTi  L  tzFITC-J- 0)11- 
;01-tt,0 ,I0DiambT, Mr214- rt=i0D oph,,1Aft`i-)t oDt,atukk-c 
 5  tj  is  oDo%  ,  )t,  VIVA  hti  z  0)tYLNft,  l00%atAFrral 
 14)3iia  fv-_,  Triton  x-loo-chA“Tig-IL  L  tzfku)gANIrcc  tz.  FITCQ) 
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)BATStUp1-141V1:11] z  iL  rik  '11/  VIVANM. 
 *A  *  k  ts 
 opillilaiifthq_Z  NIEL  L-c,  QM%  100%  , 
 b'-c;  ts  GlijZ-  FITC#A-ILTAZ-P  (DtzA-  L.
Z.1.7:cifttLiXts tso). o)t,:a , -10110")Mr6illt*e6z 
 MDSzto)Zi114: L <  is  0 0Y-Z-1.1tV:114-j- Zfyi  tifito)X0ii,  ft  Az  VAM 
                        ts o 41k (DMIZUJR;
 L  4:Ltco
 100  —  — 
 anti-FITC 
 IgG 
    0 
       50 —                              b  TritonX-100  — 
 a 
 0   1  1  1  1  1 
 0  1  2  3  4  5  6  7 
                          Time,min 
 1213-10  Fh7Nt  a  It:  J  LUV  D" )1/ V,1*-g0)1M11,4;'RV- L,
 FITC-  :/  (0.1mM)  DOPC  LUV(0.04mM)  Hepese-iii  R4311  ;/ 
 —  3  :/  L ,  Time  =  00)  D.  )1/  '1PNC(0.3ing/ML)  37tZ,  Ebkqsigi: 
 490nm  "C's  ODFITCOD530nm  f001.  it  CA'  t  L  (a)  ,  J  )1/  z 
     7  7  't 4 g- 11:1 iii,FITCIA1*(20 p girnWhn t.:  (b)4i  ,  5  5±1.fe.. 
Trion  X-100  )J11  'iL L r-  FITCYC4  (20  p  g/mL)N1  0  1411  co 
 ERA  E  itti  (Fusion  %)4I  Time=0T  4  j  5  tf  0%,  (b)TFriton  X-100  ts:  0) 
y(-aft  100  %  0 
                          62
3-7  D  )1/  'MA 1)  4  —  °DAVE;  Rat  N-7- 
0 4 * g5J'7-0))16, 
 AtIE'l  4 Hepes  altar+  -nrz  t  I-  1)  t 
 ,  g6,  ts t.: „ L: 43K a) '/ a 
-Hepesgiflc.-(0.25M  f/  Vrh, 5mM Hepes, pH  7.4)V:1-  ,  AVE;  4t  ti 7=-'t 4:  Fld 
      VAT&tFI,(3-11)Q5:.3 If,o)itat
 offiCIEFirei/--'4--fRoDgrfc“Iff„a)lctf,R:311+: 
V7-1V-IL ts 0 a . '15-1A-altqth 4:WS   aye a tc o 0 
 Z4Et  )1/  2',  (1-5  mM),  Tris(10 mM)  .  PrIt4  :/  (Pipes,  5mM)  a&MR 
 L-cCt  tskfLatst,-Dts:.  r-74  --2:/(10,1M)  •  ')  .1.  1)  :/  (30  M) 
 O)  is  0)  -)  7  A-7  hi]  D"  )1/  -7141RA :/ ./fg E 
              "D I 17-or) ITUe, , ":/ 0)4.0D t ://./g 
 gEL  19  ?t)  1-  341tVINIE--C  tztf:  L,  it.OWJP,A 
*A- t (ga L 
 C=. 0)KIM , 111"/TO- ft --cs , Ye, gi ece :/ — f/ , 
rki`A(ilit 150 mm0t1.4L-)-  1-  1)  )311  , ,brgi  Lt: 
 (R13-12)0  A  1-z   
    t.:oDAiXt'tRiEVF,`-efliFIEi`tstcgsti-C,  
,'/31_--F-caJfi'Wornlittitlf_.--F  JfIR  °Da  7:c  0  4.--C  6
NBD-PE-M180D*)U.k'rats z .) Tif-wit4 Trk,-- tt,z 
 I  z,  < 4 :/ 1- ^  fi[ti J arikiaro z --cc tz 
ATP,  GTP  L  t:0  ATM471: —  -E(10 U/mL)  c  YA.  J  — 
A  (5mM)  0-)  f  14\-(A)  4-0J117JK5AM  7 ±  GTPyS(10 M)  -"C  , i  )1/  V
 WYIgi  4:'A-  ITI'ItoDATP-DGTPoDt6N  IRS  C  uts 
 WGA,  ConA(  't.)  10p  g/mL)ts  0)  1/  ,  :/  Mel.  is  tz  0  1/  ,
 blnit  L,  -r-11)'.14 (DIM  )1/  V  fV]  z 
 L4:  7',c  tz  j  )1, 
WILE (1) z 
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 120  ,  , I  I  I  „  ,  ,  ,  ,  ,  „ 
    100 — 
 80  —  -
 e 
 0  60 —  — 
   c7) 
 n 
 U- 
     40 — 
20 — — 
 0 50 100 
                 KCI (mM) 
 El  3-11 d'A/VI*LsuvoDIRAM-lzgtz 4 t ..-/N)&0)3VJA0 
 Hepesagi  A(145 mM  i  IL  )  9  7  2,,, 5 mMHepes pH 7.4)  L  ;.7  a  V-Hepesitiket. 
 (0.25m:/  3 V,  N 5mM  Hepes  pH  7.4)  L a  Ac  0  IL  t  ')  ',  A  ii  I_  ®Z L t.:46.r: is 
Z 1 Vs:ifl&- Lt:. LI OD 1  lz'All  Lt.:Wila'(t  -Dz. (1.13-5)L!Raiz  )1/;;44 
L SUV L (Da-gm MIJ'Z 1. I.:.  1E4  GI,  M  t  9  I,  A  irytt145mMil)  L o)a  A  m 
 ,t1-100%Li,--c-AL-cs,z. 
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 20   '  '  I  '  I 
 15  -  - 
       10  -  o+KCI 
 5  -  - 
 y 
                        —mos 
  0 2 4 6 8 10 
                        Time,  min 
 Ei 3-12  )1/  :;•14*-  suv orgA " Q ittt /1  t  ME4A4tio 
 Vf* SUV  0J  Mai`i  f/  3  M-Hepes  WE'  A(0.25M:/  9  $fq, 5mM Hepes, pH 
 7.4)-e(  Ei  3-5)  1114  L,  KR-ilat145mM  7:-C  s)  t  r,  A 
 hlia(01=11,  ti:55313Fiutrz Lt.:. 
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 .:
/R,wo)j-T6t4R 
 ft_Vga(1.0MMLt  9  r,  IN)-CZA  Utz  ,  7  )1, 
 --c
,  i')1/  vIPTAA  ffi  a)  37  19  tom-  tt.tc.  )1/  -:;14ca 
 1-  9  727/  7/  • 7° la5--7 —  L  t.:(213-13).  tzt,f  L,  —E 
 f/  "C'  ±  it  it4 2/3411ft L 71-c is  I  tz, 7  )1,  t 9  9DElk  r_  1-  9  7z./ 
 Z1V  t  •  * 1) 7 :/Zgt-,L0- S. 19  SUVA  J'A/vipjAan,-  (DKR 
 (Dfli)xit  t.:(gris  a)  30%11ft  r_  7:C  "D  C)  0  37  Or) )1/.*  )1, 
 11.LoDet$A11-C4)  NEm%g L taLk L1A-11L ts0  t,  offilri  PNS
 Loo,000  e1  :/ 
 7  ‘7  4  sgs t:)J1i -c  zboRmiktEct  1  mg/mL  4: AM  L  is  t.:  tt. 
  Amnia  :/  TAAAtt  w-eci  is  <  ,  )1/:,)411R  z 
phAA :/ z z 
 ifilftt#It 
 4  •:/T'Aft,  -c  L 
 3-14)0  L  Z,  L'11J-Z-C  /c  L, DoPC0A1COM 
 Mi-22t  ts  0)-c,  0-)Airgainffl24  D0PC04I14!  46  _.  ts 
dp) ;Vs' —oDilft.LAC4`1- "i1 VI` 
 suva)illt  -Ftf.‘z  'Attu  iNA  tz(B3-15).  L  L,  L  t:  9  %V 
7—.Ao):AR,ttZLtiL1„eV4L4its,.0t.:0)-C, 
too  fit"  i7C4;-  9.;V  —  r  )1/  VI-PR  oY4  zt)  o)  ts  7 
49t,Z. 
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   Trypsin    ' L LUV 
   SUV 
  Proteinase K  , I 
 Na2CO3  
      Sucrose   
         
I  i  I  1  I  I  
       0 20 40 60 80  10C 
                           of Control 
 B3_13 D')1/:;•IPJR. ') — A oiliWa z tsZITT0DIJX-0 
 1  )1/  1-  1)  7  f/  Trypsin;  10,u  g/mL),  7  E  7  -f  -t  — Proteinase 
K;  1  fi  g/mL)  t.:41&M-)-  ')  -A  (El  Na2CO3;  0 1  M)143 -C 4  °C, 305-Hill:/ 
 —  f/  L .  (0  3-5) ILUV(/) 14`c- L ,  7  .7 
 rg.ai  VI-HepeSURA  t.:  (MEP Sucrose) Or) al- Ath zt) Tc-±7. 
       or ) t-2:13fliita5-}(7)JK 100%  L  -c  ,  6,
It. ±c:a37-6Ei ni'z) 
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120   
     100 
 80  - 
 o 
 E"' 
 60  -  - 
 '45 
 40  -  - 
 20  -  -  - 
     0 5 10 15 20 25 30 35 
                    Temperature (°C) 
 Ei 3-14  f  )1/  T  suv  oarg 1-; ilia4V1--Ito 
 MAI  (RI3-5)  4`  {fig  L  t.:  tf  L, 7  'Y  i9:16-4.0)  Ala 
 Gt:  6, SUV o» ‘r ‘) et):4111'±- 
 y  •  f/  3  rLz130tO  ect,  37t--c%0D)RitiA-ItoTf-4A 100% 
      -irrift."-Cs(Dr214-`,M-ittOTt4Y1-#.±RMINJI.(i11J-±-1M3  )
 68
50   
 40  -  - 
 30 
0 1 
   0 
 u_  20  -  - 
 10  -  - 
   0 10 20 30 40 50 
                 SUV  (OA) 
 ®3-15  )1/  "f;  SUV (1) Ji-Rilit4`iMit a)suv 
 =) SUV (73-5) L 6 suva)iA 
 L  t.:  ')  I.:.  fk5a)tk-2A  iMi(Fusion %) 
   n  0):MZ  SUVOD  Aft.  -c  ^ z  o 
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3-8  ff)1/VMM  SUV0)-  9.9-±- 
 MIC13&3-  tz  z  A  0(111.1Z  --c;  4,  A  L  --c  z  bqitq  L  --c-  is  0,  0s,  z 
    t.cho L — 0-) 'f** Affiz tc0 
 %-g — -A ff )1/ V4liR a EN& a(DLL .< 14 L 4 :/ .3_ :/ 3 :/ 
 L  tzfk,  0.5  M-  1.2  ma)i1-  61-:  1:-PA'VEgM or)±  L  5M:1  L.  tc.  0) 
 .14  dPiE  ,  280  nmOrEdA(  fs  7°1-  7  7  :/  RIM",  tp-  /  9  .14 
 z),  f/  a  -7  :/  M•ft3  rfiz18opg:7163.kftilliJZ 
 tc.  )BM _St  :(111.IZ  Fri-  ti,  6  ;  Tx-loo--cla  L, 
)1/*-4n-'' ff)1/';41A-6D)ML0D)1611-'pR/J4.11(-:t z r_  L  (8  3-16)t  ; 
 z  ,  —  0) — 7 aff 05YIN o5h7-1( f/ 3 *aft 0.8 M•(tid.-)o) 2 
                 ff)t/V'NKIRL/i/E`i-  L*t,t.:1);VY—JA 
 M  Tit  f4cin  14'i 1. II.  ;Vy  oaot 
 ts-Ttsr7, 5-YEIF0-1-r-lias;05b6z L, 
 (8  3-16)h  ;19=i; 
 -  .A0)  -    a  r‘:  o  t,tc  <  ,  )1/  :.;141k  ;V  ')  — 
 zrAW)4Nitil*bqi--A.  ts  0(4A  1,  Lz  ,  0}ia--C4I5Aft-" 
 7:c  ofis   Lt'tc    ;11-Z  a)--C,  :(IJZ  19  L,  is 
 t.:  z  83-17)4:74:  5",---E;t1-f.:. 4 :/ 
st3 ,L  is suv 11/ 2,(44al& ft 
 -iigne,o)v)0.5M i.o moD 2 )gi,h f/  3  V,  EVt 
 itdbfk  v:  , 0.5  M  1.0  moArtu  D")1/ tV-114 z 0 )1/ t,f 
45CL.t-),141,4a[OA r. L$1.0 a -) 
   tt, ff )1/ V4*Jik" V&- L ts -9 ;V Y — z , -) r.4± )1. 
 I  r:  L  too 
        3 fik-Hepesaira-e (1)4:/f/ 9  ./'14,/E, a,a 
  lit4-)suvhff )1/),WER 1%;  p,,L,  ts  tz„ 
 )1/  VI*  7°1--7 7 --VW1Lt:1-ki,Titfi4:1TI:g.tc((A3-18). 
  /c;pE,114A-4wijt:,„ ,  4°CM-A-1741 .E.1-Z  is 
 --  -IS  L  V74±  z  al)  IV&  -1R(7fzik 10  mg/mu) 
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 Eft"  )1/ 
 V  <,  —  t)1,-;;)M  (i)  j_`z:,fLUisj 
            (1R13-19)4:14`,-0)14-rAliA41t6VIT:-f\•-r.  (83-5)Lktc'ttLaq 
             < .W*)t 
 *13,  L  NBD0)  ANM_  NBDo)!A'.  a  VO  L  -"C  tz 
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 1.2  r  i i  i  i I I I I  i  1.2 
 os s 
 ill 1 — 0
     0 
     0.8 — ,       'o,• —  1.0 
                                                                            , 
                                 o.„
„ 
                                                                „ ,    so                  — 0 8  . 
...--. „ , so„  + 
ii s,„ 
 ai0.6 —so,,,— 0.6 
2 ..,                                        2                                                                    So
\ 
5 ,                                                                             cn 
2
       0.4 —ss. —0.4 0 
 <so  = 
a)  V) 
  >     -4= 
ai  • 
 TD  0.2 — — 02 
  cc 
                                              0--- • 
     0 f Ct) 1 I I I I I I                                        0
 2  4  6  8 
                       Fraction No. 
 a 3-16 )1. V 4trA L  SUV  0)  f/ 3 19V-gfil&JR (,:: <I: Z 51`AIE0 
 )1/.:),I*Jjk-(0.3mg/mL  ;/  i'  7 Wilk-hdlt)  L  SUV(0.04mM) Hepesfalliecill  .."(37°C,  555± 
 ruil-f.:/,- 3_ ,-: /D 7/ L L'ik, 0.5M-1.2M or) f/ 3 1 PI A61.17Wc_ -/q n E I , Ls. ; "C"5-At L, 500 
ii lf-05J`111 L L. -r-3-J or) 280nm owayLa(A), a  -V  :/  1  -7  Y —  .-Eitt(4)),  R186) 
 )16N  ft_  (0),  ',/ 3 TE-i1gt(0) ilillZ L f.:.  f/  3  *aft  a  -'  )44  (-)  "Cs  , ,ft  oni1JVLA 
 a  at'(  . 1  L  L  --can  L(AI)A  L  tc  .  SUVKia  6  DOPC/NBD-PE/R18 =  97/1.5/1.50 
 11/k)0 
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 Sample  suv  NBIY47,3163ff 
 \1=011.1t. 
                        FUBinding % 
                              FL 
 -  x100 
     4 15,000gFU+FL   60 minFL   
 Golgi  &  SUV 
 1.0M ST 
    0.5M ST 
 B3-17  )1/ :j14c1K  Lsuv  QIJ°AAA  El 
  ''')1/ VIVA-  SUV  3-5) 4.crWt-'37°C,  55J"11,14  —  3  ./  t:: 
 OYA**SaMPle)  f/  3  L  ,  -F op-L-thj 
   L t-5.-}-1ffl 4:Triton X-1OOJfl TTh L tC NBDO) 
   B t.:A-C'14`1-  0-)Filt“lfito  tzo 
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                          ffl Binding Fusion 
          sNmnnottiebtS0040Ft  Proteinase K 
.................... 
    Trypsin 
           MINEENSIGOISNOVENIRNESEMOi:      S
ucroseReigiii::::mmausmamokamasotag:: 
       4°C11111111NAMMIEMNIMINIkniV...VM.A41 
   111111111111.1111111111 
 0 20 40 60 80 100 
                        of Control 
 a  3-18 '11/ :.;1*11 LSUv-14`1- 
 (1213-17)0  11/  VIVA  suv 14`,-  •111Z  L t,:c,  D')1/ -=)411R4i  1- 1)  7°7 
 (BOP Trypsin;  10,u  g/mL),  Ti  ^   "fr  -f —  rt-1 Proteinase K;  1 g/mL) 4  °C,  3051149 
 4  -;/  a.  —  L  tc.  0  I  Hepesrklif'dk  / 3 V-Hepesrklii NAL, tzikr 
 (W r1=1  Sucrose) 4°C "C.' OD '41.11-±" fftiAa, 100% 
 -ZN•--e(f)  ARopTf-4A-L6i±416:aiViI(31110n19Z)--cAL  -cS)z  0 .Lt,ZoDt:Y)r-,1- 
Z1V-C;011k-i-71WAtt  ktN, 100%  L-C  ,  T*16.±11-1-14(3III anIVZ)-N#IIE L 
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120   
    100 -
 o 
 80  - 
 c a)  60  -  - 
 a) 
 >  40  - 
  .71) 
 20  - 
 0 1 2 3 4 5 
                        Time,  min 
 ®3-19  )1/  ')'14(JR:  suv  rtijw_f_ 
 suv 4-rim  :/  sue— 
 kil4  7  )1/  7 10mg/mIA: is  hia  , 
 (V13-17)0) 
 yLt.:L  7°1-3,y  1-  Lt.:0  0)t.:Y5, 
  tz ot z J')1/;411-R- SUV  MLA  ioo)  L 
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3-9  mom 
 Lit  Ltzsuvt L <  tiLuva)rm4  'yaavsm-a-r-<-c 
 A))  ..-/am  0ADOPC-C;  &)  0  tz,  DOPC0)  7'  )1/gijiTi*L  1/  4  ../Pk  )1/ 
 MI4`14:1191*.ai-  zo  1/  vrga,  jT   C18Z,  TIfft&I  ZMM 
 z  DOPC1)  ;V  -  L  t.:  Ta  a) 
 a)  7  )1/0  0)i-6WT]i Lh-C  5  is  suvo))JIMIla 
 3-20)  V:  d: 4:0 , (filqi.Etrif`A)14`1- 
 PS'C'DPEt,  aI  ti-Z  gig  VI?,  4:1)  Ltco  PS  r_  z%  tt(Ditiltti, 
*fEliP&I-  t:  —  )1/  z  4z4  IL  ts  o 
 0)fiftaDopco),77L4:1L-<-c,  600/0f14:ts  f:0  gPApca, 
 r-itith%L.i  1.  L-0  PS,PE-C;  (i)Tift  o  0*PC, 
 )1//DOPC  VI,  ;Vat  PS 4i1  I*  ,  PS(VikiEti*),  PEMP 
 *NM,  gMPC  4iXrAriirttcc  0)-e,  1)  .%)TiV)7:/)1/UtoDK  -%Dfr'Elfriab  I 
 v),  ft.  cAqit4;    Vi  ts  NiiA  VI  irt,  "C. 
 5 I:: NiC4`-o vf z Vi < ,  119  111164-itsgM"C'S)
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 DO  PC ans                            in Binding
 FT Fusion 
 p  o/c  hol(4/1 .ao2.moyom.,:::,addsvgamo 
 immix-mtrafe4,,:a 
 egg  pc  mati:Jonvoieo.rag
Mwo,:ivo::::.00KNONEAkeatiOgap* 
 pcip  E  (1/1  )umnimmgamonsoametio%u2 
            r2Rf,".".MINPferrtu2r7;r4:;""116 
 pcips(iii  )zweN,sW04,‘ 
       0 50 100 150 200 
                        of Control 
 W3-20  SUVo)rmgtat  D')1/  VIVA  0)61 -M6N. 
 Ao~igu-z  ,  (® 3-5) L  t.:.  SUV  ti  L  )1/k  -/t; 
 L  -C if 114 14-`c  L.  a /NBD-PE/R18  =  97/1.5/1.5  is  ')  )161111 ) A 
 hi]  iz  Z  f/Fa L 1/8-(Binding)  r  1  Q  (fusion)  V,-:DOPCO)  it  It  0-)T  t43 f6 100% 
 L  ,  •=11,  SUV  ifilt  Y.‘-Yffh:  ±  71.--(3  El  or)MIJZ)  L  RI  11=1  - 
 eggPC  ti  gp  XPC,  cho14i  1/  7-  —11/ 
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3-10  E  l  ^  )1/1t,4C6A3 
 **F"-t  L  11/  V43-H-gi  ,  At' 
 (D-c,  NRKS11noMMAIRJAV*At`34J  C"-.  L  tz(V13-21A).  0!))'  37 —  6  , 
 47-,  (7)r-Iffig'It'kiiXZ  ts:k5lz,  nun  m/J\ 
 ;t-  A11  —  )1/ [Thyberg & Moskalewski,  1985]  1/ 7  /I/  7:/ A 
[Lippincott-Schwartz,  1991] ts ea), n..)1,-F)1* 0)3(zt is z-AKTx tx-j--Wf  -can 
 O&RL.  RR:  a),1111aPW  oltt  ;k  0MA,  )1/ZA L  t.: 
 lia-e  G  C6A34:  *A-Mat'  h,*11111M4.1*4z1/1.:b  zfilf.1X0)431-1* 
 o  tc (R13-21B).  7  1/ 7  )1/  .=.;  :/A-c37M!U  tc  cFEI6  ,  C6A34i,  )r6 
 MIM3iireFOU ""C'  .1:  is  JA  L  MtAt,  ,  c6A30)6,19; , 
 NRMIiinO)  11/   4:  AUiiT  fig  'Ittt  to.  OD ')1/ V1-4:11”Z1147 
tc.0,). — , 7 1- 0)%41501114M0,-C 1W1r= M-3httfIS awn IFT111111-8: 
 ME  •  %ME  •  •10*1**111E  •  4\  _ha  Rao  =')1/-:;,f*L  tt-Z  War--  Y,t 
L -c 4: FA WIN, 1- tc.  'AIM&  •  %IP  va_ha  it  gi  is 
 1,,tee)  it  )]*  0)7  V  Y*)1/iN.:/  A0),,iiij74:4  ffiNL  tct, 111+:7MOMA 
 ar  )1/:;ffl  Wiz-  WIN  L  --c  eop  EfKh, 
 VCR: a, T, .1-- 9 7'13 V Yik-c ts trAta 
 471(Da  2001cDa6D  „  0-Alkr-h-a,  t  KBMIlno)  71/  7 
 )1/  V  7/  Aktif*[Seguchi et al., 1992]  0F[F1-1t1StbnkfE-j--  N,49 200kDa 
 R,wmpatz 
 C6A30)s.  7*hi'')1/  VW),  IIN,W  a,  v.Aft  JLvim  ,ft 
 t.:11EUV*Y66,4at,   L  tz  [Murata et al.,  1992b]. 
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                                        ubc-
                                    AS. 
     
. ' • _ . 
                                                      •
.• • .,•                                                                                   
- - 
                      •41!•:-• 
                                ••v..
! • : 
                      P 
03-21  )1/VIAC6A3  r_ L  t.:NRKni  VI  jt  (tr.)  U  l  )1/ 
A
 NRKifflia6  ,  10,u g/mL  (i)  -  )1/  (B),  t: A- (A) 37°C, 60 
 3`IM  7/  —  3  :/  )1/-CIAZL  Lo  71:1  '7  Gil%  a) 
 )1/  :/  aty  PBS  -"C'  ,  e;  IgG(ttni_rt 
 L  *I$t  lop 
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             351--P-'. 4---i-z 
   80
 *4A5-t-C;  4  ') — A )14R L Z D')1,:j40)/fAft  L, 
r,:d.O.V*07-WKZt.:.  ff  )1/  va  71:-)  Olke 
 :/  E  ^ L,  ff  )1/  -z)a_h_  o)  3,  ./ 
      aft, t :/;k4-it"C'S) LV=Ac-A,V.:Ltz. 
4-1.  7M%-eiVii  L  ff)1/Vi*Mor)ItT4 
 *PM L  ff  )1/  4iik-  ,  Rothman  )1/  —  )1/ -=..;  J   0)iipmats,- 
 4  :/  Is  ^   --c;  b L -s&Z PjAJ L tc [Balch, 1984;  Malhotra,  1989]. 
 L,  Rothman  ,  -\-7  —  \  (C-O)%f;H])V'  ff)1/  iAft 
L tc 0) AvAV-e , -9- 0DATiat, ff )1/ f; L z „ 
 T,  4='0))ifr:  -'(t  fc0  ElEi  a ,  **NMI  19  t ff)i.vipjk  4t-jvA---c-  z 
 T'S)  AfratN  L  t::  ff  )1/  VIVA  cHoelliat  L  )t/  i
 7 E V], 0 1#'-±,---c 6 toco.  LL..  4-2011frat 
L ff )1/ VIM 1,4TP (1)Chaimigb9:m t z  [Malhotra, 1989] 
   0))1k/j,n,o)Rm offfia amnia mgt. 
 z  L7Y4M-  tt-c  o'  0)-e  [Serafini,  1991],  PIA  6:*Wrr7  7:cP,155,'  ts 0 
 0-CCH0411AVN  ANL  f.:  19  atoo  L4o 
 1  L  tc  )1/  IVA  -Aft  6  ff  )1/  2)4*-7  —  —  fft +MR tk,`M: 
 19fiELtz.  tzt:f  L,  cs 
 —  A  L  tzig  ff  )1/  v,f4clvf-An -  )141,-, /it  o  oitx-e 
t.:  ,  D )1/  :;'(SOM-0)  IR-5MF  1,  F3,  XMR,  111ffi/.1\  Jni*,  Y  ffitHiM*) 
 7g — Mfai`i 6 ff)1/:;14cliR ;V — or) 1771thE/--vj-e 6 1: 
 tN  —  L  t.:  0.)  ff)ii.z),1*-FIEi-V)a-e,S,,z 
 agsuts  <  -cats  ),-.cki)o)±,viAa,  wz,f 
 w  si Li7A-14\',tZliV3b'“so  t  s  tzt,f  ,  ff)1/VjA 
 1)  ;V  — -4`1-81'1 z(111J-±.---e 6 ts o, 6  tz  ff)1.-=)a  0) 
       Eq1.1---e ZLIILbtht-Dicr-1- grso. -J1 19, t.JMii,t,:r7t 
 z, or rCli tsoLL  t.f -c'4,0  t A„  wbA  opa-
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JR )1, VOA To -14`1- ,11,4 L t.: -c 7D -) 2mjit,-cjil t.: AC4- 
iR111-±-17_*.tts1-6NRaLts:L   
 4-2. J')1,-'11*JAL9WV—A0  AC4`i  $1114  z  KIT 
 AV  a.JJAH±0-1-"i Moat-, Fki7MEIoi.C%;- ano  'y  4_5j 
; z bfiWilL4t Ph*iflikl`i irk,- AI 0, 9 7 )1/' 4 A mu 
 ts  75'  o L L -c ts otke LuivglyzLtt -c  <
 1-•;`-11.-tzh'h'1,7_75,h'f);12,  L *9  —  z 
 tz  9  ;V. — A  a SUV Iff --C" ii.  suv*o  -c-  q  L  is 
 i(ft  (DEA5Hg suvbT4-MAn L  0)-e  4  ts    ;  
^  z  -e,  suv  LLUV  E<S11---f  9 7V  —A  LT,  aro  aei'5Z. 
 ritiA4t  ,  cth  h'ts  19  <  fT  z  hTt)t  
 <  fig  AV-I-  VII  1/1"z-  z  "e. 
itil.Oti'ii00).-MHAL  LT6  A L-Ct,;)JIMTN't,4;- -j-Z  I 
 ti&)  z  r1  6Z.  L  h,  1,,  9  71s?  —  A  _EOM  'W 
   41- I 4:114HtTh,h, L75,_ ph7M-fi ilEitl•-otkq tz hi_ ow oni 1%--,hTkz, ts 
 -)  iqjr5-c;*-D  ahT,  9  ;V.') — A  Itja),Uki 
WOYFAVD6*V=KI:011-j-Z,  =fi  )-VV 
—A0)*A , Att4Ria-cie z LIMY(a)lqe fzel5-1-IgliAbTlfi, L 
oafi:03t t-sk tsz t omits 0),-_ 4-kz L, 
 ~<o LtchTo-c-,  .  hT,  ts  ME  hT4 
ALWt,,k(*Oltitgtie ts 
 7  '7  -f  ierAA'Hepesagla(145mMO  Th  F  9  T, A  a  ts.)  ;,  43K  o   
 _Hepeonet.  KIM  tt,  is  tcW-  Pi iRP-,  pk-pjc*i  1%;- 
         -o I , WA1:4-re 1-1-4`11-zbT-0-14-tstoRS_I 
I IVI   c:00AbT, 412±70-ft  -1JA0)12kJM-0)  A-
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Zto-Nitsh,o t.:L V3z4 7/3AMz1Z  AtoiCZA 
 "R  -C.'  :/  a  L  tzlk  MAI  t  k
,  4  1-  ;/  3.4ft 
         -14`,-  6  glig  4x111  Litit-cXrA  Utz.  9  %V  —  n'fi/Vipv 
 -c;  L"-c  tz  W61 - 
 of  19,  itv1-14`i  490-T.619  ,  :/ 
          0)._-_06DiaTiOntql(:V *NIT. Z. 
    1.410) t w*itt a, 4 :/  Ei  L t::,  51:94-Wali  :/  F-9-4  — 
7  A4:  t.a  L  -  tM  [Diaz  et  al.,  1988]0 
 I  ,  50mM  a  I  Mkt 7  • 'A:  A.7)  < 
 <  .01  tiA:  a  >1-  :/  F  ')  —  2  NYi-o)  4-  :/  .4-gm yivAi* 
 L  J'A/  i  fuswiateg-A  [Balch & Rothman,  1985],  Affl 
 F  1:19 - 14;-[Braell, 1987]  44A  Ltzf9t1 
 'elf-Ma)  4-  :/  o  L  t>  C:  (DV11--  *flif  41- 
 tz  tgisAA  L  ts  04)01]  r-t'd  t'4±,  tt-c  o
 00-e, IlEN 041MM r-N,*-c tso. &IMAM* L ts 
 Atii.Bmv)t  )1/f/  Jr,  t  illi1t5,\±(Y)i/  —  ,  ts  e) 
 033attafii4  t  :/  MT'    tt-Z  iz[Kasai et  al.,  1992].  0'04 
 T
. 21 /Na -etz57-o-)*)(ki L1,7_4Lh/j.  <  ts /WV1 --C)1/3M3,  /  ;/suLh  4 
 :/ Nit 'Ma , -it — ti. --c o z isNit 14`,- 
 (1-2.0  .Pgs)L  :2  A-ftZ 911-P*Mo. 
 'gill:ie  :/  z/ a ,/L -c/-aKILT, o 
      a) )c A-f ,-/Na--emt- tz I_Ake 7),e-) t' it  fl1 
 Z.  t  :/WAto  1  t:,  rP  tz  ,  Aft  P,st:.3,
11ts  tz."-"C;S7)Z. 
   :/TiorA44.-7_0o-c 
 J'')t/Vi*JA(DAti//I4 ZIP-c;frX19  gto-c"  , 
 ttlfzt  tst'o  tz/L'1.„  .)  t.c3giN  Ltzlk4:,  )1/z),1.* 
 t-ttz..ot  <AtsZIA5`TAIbtl.t.:.  L, 
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 111,115tLizICI, ZINhilop:P L:t9toCopizIgiik-Ltz. 
tslx_r/fL*tz  L tzlgq0V4MV-117,-ffitthts  tz  ez5(io  Z) 
               VI Z4 7 )1/ t 9 Zg 5I-±A 'D Jk'D Mifiat t:A, 
ts 
37 Y42`ifffil,AZgit ;Vs) — a 
      it, :V- iz, --coz ff<110.1--zo 9 ://1.,143-j
 INC*01.14114ASI4:e6ittreT(LAA  't- is  o  <  tc 
• iz°  "c,  —0a. 4 ,%.*-=- 3 :/Vt. hqLr)c aMLI*11 T'S)   ; 
        eki-s4--ezt), S)Zfitat, Lt,;, 
 3113+ 0510% U,  JR  z    tt,  z  I  tz, 9 
 R,Y4bqCs---rA4L-c-ozf-C41-, bv--c. 
 t:  6‘,•-i-  1-  9 T,WTIofki,z,  ;/zg“=f-
') L , 1- 9 '1',/ 19 ?t) itilthq. Li': it, op4 
)1/V4ii**.r\J--- rS ar4M1VC 9 7/ R N5j1Iff tf: 1.1"ItW4 
 !•tit  ?t)  0  It"  )1,  VIVA  PM  OD  V's  pk141-itt  op1  57-  ,    ts 
 b4 g. <  ts  0  t:    T&-t A- :/§T.3t-c; it,  a 
 (7),  ita  Szitzts 
      143/iffttl,-10DVfflh,Hao)3VJA7T:Ltzo-e, 
             i:og),13A 41- 0 19 , )1/:.;1*±.4:4-41-1-Z 99 
71-z v OM Ii*ErfhPfib, 1143-iffirlf,+:9&TD: 19 , *At 
 itSibt-tAL   0  *St 
•1,1f4-J-Z YU-01'0M 19 P-J ://yut 
 ts At&I- AII`I-M-ita/)ts < t 1/2AT ts 
 -r-es)z o  Lh,L,  '7_11-4t'Z1RMAL—YtLtsoo-,  tilioLL7D,  Le/4r; 
 tz  Lk,  igZ-bAtsZ37::/)j--et,,z 
 LT  zt) rAft-  110111-Z  Wit  37 :/)y43-34fficv&g:iiiit-z 
•o  4  )1/A  okiii4'M-i”.  Y4  fma<JaL 
 -ft  4)  o  a)  -C.  )1/:)f-PA_E4z_4411-  z ;//1.  Y4opt/E;LiTc4-3- 
• dw4:4,4 0-c-  t.  LT  ?1)7.E.11-c;4itso,, 
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                      Binding Fusion 
          Golgi (Protein) (Protein?) 
                                 15°C  liposome KCI crL1  0 + 
      H 
           Protease 510°C 
                                0.25M sucrose
                              (-KCI)
 EI  4-1 )1/ VIM — YV rIVE-`10)MA(/) 
 )1/:)12Mik  —  A or)A 4 )1/v1-Mo) y452ligrifri.,,Zjv(proteas) 
 d:  'CV  41.o  a  (Binding)  t'  AM  a (Fusion)  4: Witt b'^.o)  J;tEs  MCI 
 is ffk-fv 3.4M-Kayk'Dfiirice or):/ 
    FIT- ttts 
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 un6  -c-
     -  mriwoDaaoDow-pir‹z  z5  tow)  71;,-)  -  A  vip 
opititNir<tz. PS,  PE  -'50%ti  tc!  9  4-ZV  —  MI ,  DOPC100%  , 
  14'1-M-itt 4,:fg21-glz-ilbilLtz.  PSli,  1,-C1i0)1144A-*  r)-c-  hT,  Mit 
0)Yatr-ItAbT',1141-t.:490etsvla)a,  PE(DVIAkiltfEMEI"-  Z.  tztsfL, 
 PS  .V  )i/V  A-  ';/..cea)  ;,-1tErEMa,  L-Vto  obtt. 
 ts  psi)  7gs)  _ 
 a*v>  [Stegmann  et al.,  1989]0  I  tz,  PElI,  c  (DaltifthT2.  L.  a)  -C;  9  t°')  —b  7Y 
 fig  19  tz  <  <    Lts  <  tc  ;fs  L,  4;/ 
 Ws.Ct.4)146DPE,PSt,RWt  1-ZV1  tVeri  41.-c  Z. yf-  Jja 
 0DERTIN  Cl)  Atli  a)  a  r:  a,  fro* PE PS V:g-A[Sessions & 
Horwitz, 1981,  1983],  t:,  444XA0)/:_e60)  Aim:  a, 
 pEipst,  Rtquut  z  ay -e  [Santini  et  al.,  1990].  )t  =.;  G  r..k5L1-Z  oiapki 
 (DjiRaEr4T.IN MiligaM111V:PE,PSts  e(DEMTS.2C  Ls  InAt,  bis 
 /1NJIMe*-Cl`c- 7  d:  4XtLZ  WhVC  a)r, 
 „,  t.:  **,  j')I,V40)1AaNtili4`1-  L 
 1-vvitY4W6  ot“)  Ottts 
 g[JAPCAD  I/ .7- —  )1,  Mit    1/A 
 a,  NZ_  .10  (7)  &Mt  -P$1.11-Z  ts Z-'-±-1L  Zf011  WS) 
[Haywood,  1974]0)-e,  M1tiI4W,  Utz 1--14`-crZWEI4`1-LtcoVIC 
;, i'LZ 0 
 ATPoDik,Vilt4,:oto-c 
 Vire  kri-<-  4: L1319  , VE*0)  Ha  pki  0)/N1atulANVAA7  7  4  i-m.0)*  <  V  , 
rtiM-47-aATPLM11)M437://I4bt-c;6Z 1.--CoZ„  tANL,  Lii-c20)7 
 -t  a ,  tilthRoA5HRIPI±ili-Tri  Lot,:k5,  fiC4`,-ig111±- 
 L7,0-C  CV,z  a,  4\gagpta,  OA,  At&-,irliC4toDgloo)38*1(-i-:/  ri—AM 
14`1-  V,:ta  -C  0p-C-Z-.0)7Y4-tit  Z.  *ilim-Hgo)ril 
 a,  Lit  °Dian  “U-J-  zEITCtittttAX, Klit"--)-z KIT Ctitt, 
 r-R141-z15CITopMca,  kat-Nth,  is  03sozEz..5  -r-cs  z  0  a14;- 3611(,:gsw  is
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  :/ tifirMto onlY14±17-4-±--j- iittL, -) I  <  I  JZ-z";  t:  1.-c  4) 
-H1.-heoRIC7-11A1-1- L-c oz aTif.6,e/5 < , 
Jiarki/Niatiatz rAl 41- z 7--0)PrZtlilltt.-c t,-! -) 
 Rothman;  a,  _.  1-‹t.:  tz?z5  ,  0)1/F  )1.  12mNias-A 
“JM--J-zUN'<, Iiirt,-,ZA.,-7.10413119<jts:ZsuLtz,  ot  19,  KIL,?,A 
 NSU  0  tzoo-c  0  0)  ,ItitRIN  bW±-4- ,Wits,,o) !PROW-J-1RLt 0 
  or)-s&  L-c  J'A/V1*ottai1•Jia.Wff)1,  Vf2W_At&-  L,  Ems/LTA' 
 -t-  -eon  ,--_ATptlEki  41-  z  L  tz(V11-4_Vg)[Orci et al.,  1989]0  0) 
 -  fliAttc  t:  t,  4-)  toKligaPkiVa4MAR-c; ATP 
 hvv  tzfX14  z  Z4-  h  t,  o  t  ,  ATPWirs-lfh*M-att 
 43;11R/NiaNiSAR:bt.itlY91Ait  ot-E4to 
 L,  L.,  IRA  ts  Rothman;  ill  ritc*-1-  t fktitrisn  rughls,  z  hi• 
 t,--Dtz0  TJ  r7  7')L-co),  aNC-;;-  t.--A.P--,oag  4s:P3n-  t  z  whT,  ATP1 
 #fth  tz.  /NROAM-ittirk-0144--e&)  UDP-N-  7  )1,  Y).  -9-  ;/  ff)i/V1*13ki 
 oDIRztc[Hiebsch etal., 1992].0,  ATPa, 
raa7:C<MALitTi tzgswtc0-es, L. ts;IANti 
                       Z7 s -'&0)-J---<--ct,----D0-c..4ci Ltz'W-D 
 T.  ATPAYI-  MA+  Ts,  VI  Aid  PhiNiattA  tz  RI  zLob  t  r  -r 
 -(7)•Y)  11401-  4z1185-L„  ts1.3h,0ATPLA-i 
 Of.:NSF37  L,  -0)61-1J-ca)Mf437:/1i'7 WSec170) 
&gig  I:  11,1,  IV  0)  A  J"--  7 71: r4 3 z a  -C  t:[Rexach & Schekman, 1991; 
Wattenberg et al.,  1992].  T,  4  )1,  z  Rat- —  A  t.IPA6DaffiV,E,  -c; 
 a DA 75,t, Arrpo o *)11,-Cts-111.4X.  glinpkjoge 
 tAT'P  t7-41Z4  ts <  Tzt)  it  ts  Gt:  *Rts  --c14  -  0)  ODI 
    tc--r4-rz z z o
 4-3.  -t 14M-co ff  )1/  Lantr, 
 *act  x.;$; o'  o  0- ff)v=)4im Lt.:  n 
 ilaPki-CAML-co 0 -co ZT3Tit'IthS)Z.•*' 
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— 0)-614`,- hT4 1- Er t,i0--c-tM ii.Z44gtsNgt-cS, Z. t, 
 Z`  1-  )1/  -Cif  ;MA  Vtt  rth  31;ati4-.:  L  III(-h  s'/ 
             EM-t, t, by k YLIt 4-Z —  (DOPC/NBD-PE/Rh-PE)bi•j•)1, 
 z  hTtM  *.Z  [Kobayashi & Pagano, 1988]0 -=-A1  A  7g11Z  #114  .1- 
)1/*— MirM *Y6MOcItt; o 
 Ts-  ZI-t4:7)'41 Z.  MNAL  As:faCtoVITIM--J-Z  L, TJ'1- II law -T-
big-V-V's 2°C --C — A a••)i.V12Mci-C/E-;1-Z b. eirMa, 15°C 
LJI~Tts ts L.-.  ArIptt  -c;  ts  0  AT;  ,  lAitiAtTi4 
 t:_. igaloonma±.0) — A ahlitT`i L C1.11 
    PS 50%-g-tr 9 71-Z—tsL-ebT,  AtszmA-cs,zo
  oVIA6Do3100)=XFIA v:a 4 :/ 1- 13 z 4 v lino 
 33,40.wiC6  c910-z  -f  1-  :111aatki.1•%JkD  7  1  :/  7  4  '7  :/  is 
 lialiAbTA  0  L,  to)*  )1/),  ',RC  4411-Z  4-z  Lii;0) 
 nama   L41=1:11011  z  Mt  s)  ,  'k  a,  AT1Nt  ts 
 NITtcott  LiltsoL.  Pol.  /1WCftzps  4-zNi  —  A  4  V37  1-  ma 
pv), s)z. 
 9 4-z I —  A  ofF  CA  hTS)  . Kobayashi  C)  —fir  4 V  f/ 3  V 
 sike  ;tz  —  “F  a)  214JFA  -e  Itli  ARiA  w  —  —  JR 
 #111.1$  La-efpfil  L  Z  oz.  fit"leAt5ctLiAr_  z  4-z  —  o)-9-4 
 a,  =31—)1L —11/  :/  -M  o  tz  71Z  ,  71-z  isa 
 ,%VsiA oil-fiq:t, ts0)411-w&,z0D--0[-FR  
 1992],  100  nmA±.  9  )-g  —  bviaA  L  ts  RfiZt  4.:6 11118:WS, Z. 
 4-4 )1/ VI :10V L9  7V  A  0171L  tWAilt  c  omit 
 *ff5t---c-;  w  —  A  )1/vi*  0)6114;--r_  wriA4  z  bTir; 
41f:490-i-1w, I: ts v RbTt.fM-ci-11.1 *it   z 
 wiapki/iNnoiA. rm A..  A  ±1Jfilai  t.1V 
 I  ts 
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      griwz.cArtilsty-om-ittqtz 4)*  <  (7)37  R74hT-, 
 — At: Litt-oDWW431LtsoLvl'=) La,  tAph-e,  ft.  :/ 
 ii',Whqflo-cozoligNiga--etsoLv1.=)LL  thMAN)Jao) 
3' .T4 Mtitig (7-). z o 4.)japk) 37 ,-/ wits3A--j-,-< .,-/yaoDix 
 4.)ja  -N  a  (7),  tz4NE,  3p-1  z  tit  ts 
4\11a±. ez5 t.: ez5 )1, ts k :/ F-1.4 
 f/Agma),  ;,  N,Nimp  ,  ff)i,v#:(7)4  4AN/iNiia(Du9th,  ; 
 ttz  5  v:ts,  is:  [Pearse & Robinson, 1990; Keen,  1990].  imaa)Ail  :/ 
    iiNiTaxafkr_tilT-oamal-za-,‘.-, ffif-owzatz ttz )14k 
 tt-Z  o  olkP1/1E1'')  ;4010r5L  z. 
 NWRR,  ZO < opi.NIMMATir_r44 Lz [Balch, 
1990; Pryer et al., 1992]0 21K.VM-c it,iw  --c-  z  0-)  4't,;  a  rig 
    vii'WhT9Wv zt) ma a )1,-)i*L 
  z :/RVINJAWMAR LWritEti.-c-oZop-c; 
[Orci et  al., 1989],  RN 
        iitsto-eS,6  •  te  I,  79  RN  M-J-  a,  ,::;,n1.1041M-
  <Iktal  e9 [Altstiel, 1983;  Pelham,  1991]0
 maws,  z  tArki  Z.  ff)i/Vinq 0-AkifiVE\i---1-fi-)  37  ;/  wwv 
         f-klt "' L, --eS) ts a, *UPL--c-fl:AW-”_.1
         n' )1/ .f; 0)11-AAM- ") ill- Mt  ts  <  ts L  L  Vf*  as 
It“Et'')  ff)1/V4tz,f3TitZfifilgitWtoL,E4-)ii.Z.  O'L  o  tz 
 a, tz WhWX/Nnt:MT-i--)-z  L-c-  zt)  , opfitrAfifi  , 
n's)1.-'71-*0a-r-eS)Z L,Ltzfkr.ff)i.V4ar.:44-i-1-Z Z. it:— 
 ff  )1/V12P±, liUla5M0P:t:R,M4L3f4fk, Ntf4t 1,t  0)1Y; Z. 
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